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! PREFACE TO* SECOND REVISED 
EDITION 

As was stated in the Preface to thj, First Edition, thi 
book coTitaias an account ol # the main facts concernin 
ihe chemical nature of synthetic drugs and thp guidin 
principles which are used in their production. New drug 
are constantly being introduced, and though man/ of ther 
are well known and widely used, they chemical nature i 
often unknown even to chemints possessing a good«knov 
ledge of general organic chemistry. For this^reason th£r 
appeared to be some need for an attempt to increase the 
interest of chemists in a branch of their subject wliitfirfia 
very interesting in itself, and which also affords scope for* 
commercial application. 

Before the war, the manufacture cff synthetic drugs 
was practically confined to Germany^ but since 1914 con- 
sidertfble progress has been made with their production 
in this country. The manufacture of synthetic organic 
chepiicals on a large scale presents many difficult prob- 
lems, afid it is gratifying to find tha*t most of thes%ha^& 
been successfully overcome by British chemists in so short 
a time, and working under such difficult conditions. 
Nevertheless, it will probably be necessary to give some 
form (If protection to this important growing industry (of 
some years after the conclusion of peace if it is to hokT # i£s 
own in competition with the vast and highly ^rearaaed 
German organic chemical industry. 
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This book contains rsQre than a mere description of 
the chemical nature and mode of^ preparation of mq^y 
synthetic drugs. r For a scientific understanding of tfye 
sub^ect|.it is necessary to pay considerable at^entiffti to 
reactions taking place fetw|en *the drug, and the living 
orgtfnishi ^whenever the*^ cfn fee Aaced, and to.tjjie* i^y- 
r tion* between fhe chemicda character />f ^ substanfce ancl its 
pharmacological action, eye^i thoughj^his relatjprys neither 
so complete nor so simple ar might be desired, # an$l wf^on- 
. fined to oitfy a few of. the numerous chemical ’coj^pdTmds 
that are u&d as drugs. 

f It has been thought desirable to •mehticy* briefly the 
therapeutic effect of juost of the chief drugs, so that readers 
> ma^i gain some idea of their relative importance but no 
attempt has been made to deal in any detail with pharmrf- 
cology or therapeutics, subjects which lie quite outside the « 
scope aricl aim of this book. It has been neither possible 
^lior necessary to msfition all the synthetic drugs which 
have keen prepared in receiffc years, as many of them pos- 
sesfc neither ^scientific nor therapeutic value. 

Besides the practical importance and inherent interest 
of Tne - subject, it may also be of great value as a means of 
'opening up new channels of research and of discovering 
types W compounds. Just as the discovery of the 
coal-tar colours $ave f a great stimulus to the study o{ 
aromatic compound^ so the efforts to produce new drugs 
have led to a greatly increased knowledge of certain % types 
of compounds, as for example those containing carbon 
united to arsenic and antimony. 

«*~Fu«ther, it is hoped that this volume may prove of 
( interest to those medical men who desire to obtain more 
unbiassed information concerning the application of 
chemistry to therapeutics and pharmacology than can be 
f^taindd from the countless trade circulars with # which 
ttey are, or used to be, inundated. 

<Ptie aj;ia/gement of the subject-matter infariably pre- 
spnt.R difficulties in a book> of this, kind. No plan can be 
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entirely logical and satisfactory ^but it is hoped that the 
arrangement here used will be found a convenient one. 
Crpss references hscve Seen inserted wf^rever possible.. 

I Wjsh express thanks for the encouraging ^re- 
ception given to the first editicji of tins book, and especially 
fco^koSe ^readers who fy?ve i)ee% iJnd enough to ^pofnt titn; 
omisSions V)r erro^. ^In 'addition to mmol’ a^teratyins, 
*ccrjain se<^iojis have ij^en largely, rewritten on ac<jpunt (jf 
rece«Wcyelopments of thp subject, and some entirely new 
scctio^Jjave been added. > # 

^My mofe grateful thanks are due to Mr. II. W 4 Vernon 
for his help ii*coi^ecking the proofs of this edition. 

P. M. 

•May, 1018 . 





3 


aONTWr& 

■j PAGE 

■ -PREFACE ' * . . v 

List of Abbreviations x? 

, J 

GlOSSAW* m xii ■■> 

A ,1 ’ 

CHAPTER 1 

Introduction — The Theory of tiie Action of Synthetic Drugs 1 

CHAPTER II 

• -» 

The Effect of Various Elements and Radicles . . . 10 

3 

CHAPTER HI 

The Chemical Changes of Drugs in the Organism • * . 

CHAPTER IV 

Narcotics and (Ieneral Anesthetics . 

CHAPTER V 

Antipyretics and Analgesics. (Derivatives of Aniline and 


PlIKNYLIlf DRAZ1NE) 68 

CHAPTER VI . 

Alkaloids rS 

CHAPTER VII 


Atropine and the Tropkines — Cocaine and the Local An.es- 
tjtktSjs 8S 

CHAPTER VI IT 

Morphine Group and Isoquinoline Groups of Alkaloids 104 


IX 



CONTENTS 


CHAPTER IX PAQB 

✓ 

Adrenaline and Other Derivatives of Etiiylaminh . . .129 

f c 0 

. . r CHAPTER X 

Derivatives of Phenol (Antiseptics) . C . . . r . 162 

' r - •' 

^SAJlEp Xi # i r 

Oth^r OrgaCiiC Antiseptics, ’excluding Halogen Compounds . ^70 

« f : 

« CHAPTER XI A' 

Halogen Antiseptics and Othei. Halogen Compounds 179 

/ CHAPTER XI i I 

Inorganic Antiseptics and Metallic Compounds ' . . . . 190 

( ' ‘ 

CHAPTER XIV 

Arsenic and Antimony Compounds . . . . .197 

CHAPTER XV 

Purine Derivatives (Diuretics) and Other Uric Acid Kliminants 217 

*•' CHAPTER XVI 

Purgatives and Other Substances Acting on the Gastro- 


intestinal Tract 225 

CHAPTER XVII 

Various Other Compounds of Interest 232 


r — (. 


241 



LIST OF ABBREVIATIONS 

USED FOR TITLES OF JOURNALS. ETC. 

tf » ▼. 

A. e. P* IS*.— Awhiv fiir oxperifn^ telle Pathologie und Pharmako^gie.* 
Amer. Jonrn. Pharm . — American Jourrftd of^narmacy. 

Amer. Journ. Physiol . — American Journal ofjwiysiology. 

A nnnltnX~Jn st us Liebig's Aitfialen^Icr $heliie. 


)M£Ll 0 „ 

A. /%f#m.-®Aehiv der Pharyiacie* 
Apoth. Ztg. — Aj^othcko£-7ieitl^o , - 
Uhl/* 


# 


r , t,igig % 

\Peitr^Chem. Rhyx/iol. Path.—jjjLot 
' *bfcflogie urra Fathologie. 


>rhilJbe rje 


ofmeistor^j JJeitriige zur cnemisci^m rnyf 

Deutschen chdhiisch^ Gesellschaft. 

Per. kluk*^.— Berliner klinische Woehensohrift.* 

Bcrz. Berzelius’ Jalirfsbericht uber die Fortscliritt^cr'Cliemio. 

M*M. /.—British Medical Journal. 9 

Bui. — Bullotin deJa^Joti^tc^hiinique de Paris. * 

Bull. Coll. Ayr. Tokyo. — Bulletin of the College of Agriculture, Imperial * 
University, Tokyo. ^ 

C. R. — Comfies rendus hebdomadairof de l’Academic des Sciences 
(Paris.) ~ 

Clwcmik. Ztg. — Chemiker-Zeitung. (Cothcn.) 

Dent. mcd. W . — Deutsche medizinische Wochcnschrift. 

T>. R. P . — Deutsches Reichs Patent/ 

E. P. — British Patent. 

Fortschr. — Fricdlander, Fortschritte der Teerfarl^enfabrikation. 

/. C. S. — Journal of the Chemical Society (Lonrtfa), Transactions 
Jonrn. of Physiol. — Journal of Physiology. (Loudon.) 

Journ. prakt. Client. — Journal fiir praktische Chemie. 

Merck's Jahresb.— Merck’s Jahresbericht. (Sinco 3 804 an English ecuiio» 

• lias been published under the title “ Merck’s Annual Report.”) 

Monatsh. — Monatshefto fiir Chemie und verwandto Thcile anderor Wissen- 

schaften. (Sitzungsbcrichte dcr k. Akademie zu Wien.) • 

Monatsh. f. pr. Derm . — Munatshefte fiir praktische Dermatologic. 

Milnchcner vied. W . — Miinelieuer medizinische Wochcnschrift. 

Dflilgcr's Archiv. — Archiv fur die gesammte Physiologie des Mfcnschcn ur^ 
dor Tlii ere, herausgegeben von E. F. W. Piliiger. _ 

Plutrm. Ztg . — Pharmazeutische Zeitungj 

Proc. Chem. Soc . — Proceedings of the ChemicarSociety. (London.) 

Prvc. Amer. Physiol. Roc . — Proceedings of the American Physiological 
Socic%. ^ 

Proc. Roy. Soc . — Proceedings of the Royal Society. (London.) 

Proc. Roy. SocfEdinb . — Proceedings of the Royal Society of Edinburgh. 
Proc. lloy. Soc. Med. — Proceedings of the Royal , Society of Medicine. 
(London.) 

Rec. Trav. Chim . — Receuil des travaux ehimiques des Pays-Bas et 
Belgique. 

Trans. Roy. Soc. ♦-Transactions of the Royal Society of Edinburgh. 

U. S. P . — American Patent. 

Zeit. agwd. Chem . — Zeitschrift fiir angewandte Chemie. 

Zcit. physiol. Chem . — IToppe-Soylor’s Zeitschrift fiir physiologfecRi^Chcmie. 

* Descriptions of thoso German patonts are given in^Friedlandefs ' 

“ Fortschritte der Teerfarbenfabrikation,” and abstracts c£ the more 
recent ones also*in the Journal of the Chemical Society IfLondoTif 
Abstracts, and in the Journal of the Society of Chemical Iudu^r^. 



GLOSSARY 


• OF '.PERTAIN CHEMICAL AN If MEDICAL TEAMS 

\ ^ • l { 

Aifflgesic ^diminishing pain.\\ ^ e 1 
Antipyretic — caifbing fall of body-temporC.tpf e in'fove 
jBypnoflc — slocp producing. * ^ 


Narcotic — producing marked diminution of mental actfvitfy -'bhdmg to 
uneonsuousnoss. ^ | 


Fressor -clausing rise of arterial prossuro, usually by constriction of P:'i 
arterioles. 

Styptic = checking or a^rosting bloeding. 


ChKMICAL. 

Acyl is a term used to denote an acidic organic radicle dorived from an 
organic acid by removal of the hydroxyl (OH) group from the groups, 
( — CO — OH) or ( — SO., — OH), containing the acidic hydrogou. 

E.g. Acetyl, CH S . CO-o, l frora acetic acid, CH 3 . CO . OH. 

..Benzoyl, C fi H a . CO — , frormbcnzoic acid, C rt H s . CO . OH. 

Lactyl, CH 3 . CH(OH) .CO- from lactic acid,CH 3 . CII(OH).CO . OH. 

/CO— /CO. OH 

Phthalyl, C r ,H,^ , from phthalic acid, C 0 H 4 ( 
r \CO- \CO.OH 

Benzone-sulphonyl, C,.TT 3 . SO.,— , from benzene sulphonie acid, 
C,H 5 . S0 2 . Oil. 

\ 'Alkamine esters have the general formula R — CO — 0 — [CRjR.Jrc — NR..R 4 ; 
they are formed by tl]e estervheation of an acid with an alcohol con- 
taining an amino-group. 

Alkyl is a tern] used to denote an organic radicle derived fron a simplo 

aliphatic hydrocarbon by removal of one hydrogen atom. 

c. 

JZ.g. Methyl, CH 3 , from methano, Cllj ; ethyl, CJT n , from ethane, C 2 H 8 . 
Aryl is a term used to dipiote an organic radicle derived from alomatic 
-nydrocarbon, by the removal of a hydrogen atom from the aromatic 
nucleus. c 

E.g. Phenyl, C«H S — , from benzene, C fi II (! ; tolyl, OH, . C„H t — , from 
toluene, t'H ;; . C (i H v Groups such as benzyl, C„H 3 . CH 2 — , obtained 
* bf* removal of a hydrogen atom from tho side-chain, ]nust be re- 
garded as mixed alkyl and aryl groups. 



CHAPTER I. 

INTRODUCTION— xriju autiujn uf 
SYltPHETic DPGS. 

I^.uy^unc^yL-AfS BjparmacoTogy wai an empirical collect^ln of 
^recyx>s, ha^'dl^ deserving ttie name <jf a^science ; but a # ncw e/f 
w&ti with the inves^igaticyi of medicinal substances by 

chemi^Ain flie early years of the ninetef^ith century. These re- 
^search esTfcfon bore fruit iti the isolation of the active principles 
of many vegetable* drugs, and it was found in many'cases that 
the active compound was a nitrogenous substance of basic char- 
acter, and^o this class of substamti the natne alkaloid was given. 

Although atl vegetable drugs do not contain alkaloids, c*e^ 3 r- 
tfioless in the majority of cases definite chemical compounds, 
to the presence of which the action of the drug is due, have 
been isolated. These non-alkaloidal active principles include a 
large number of different types of chemfcal compound, but tb t e, 
class of substances known as £ducosides (substances "Veadily 
l^ydrolyzed by dilute acids or by enzymes into # a sugar and 
another constituent which is generally physiologically active) is 
especially well represented. 

The isolation of the pure active compounds was of .very 
great importance, as it opened up the possibility ol* an accurate 
study of the effect of dosage, ajid, as timtf went on, enabled 
quantitative measurements of the physiological effect of the 
drug to* be made. Such progress was obviously impossible as 
long as investigators were compelled to deal with a crude drug 
of unknown strength and composition. By this means, ajso, 
secondary by-effects, often unpleasant and harmful, could be 
got rid of in those cases where they were duo to the preiSnSe 
of substances otbfcr than the desired active principle. 

The study of the constitution of the active principles led 
to attempts at their synthetic production. For a 2<^ng time, 
however, synthetic chemistry was not far enough advanced id 
succeed in the synthesis of such complex substances, and 
efforts were therefore made to find which portion •f *^e ma- 
cule gave rise to the physjological«effect in order that simpler 
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analogous compounds might c be prepared possessing the charac- 
teristic action of the drug. 0 

In^ this way it wa*§ found that the physiological action of the 
di;u^ w^s in general dependent on its chemical native, although 
naturally modified by difl'erencds. in physical properties, such as 
sohibility, ( volatility, etc/ VFo^ fn&tanbp, certain types cf: 50m- 
pom ds oftdn possess a chalaccel’istfic aqtiop e.g. thc>fjjatefnfiry 
VmmLnium compounds have a pattiWfcic action on the mofor 
nerves. <r On the other hana, i'n the majority of cases ‘ohe relat'd 
between chemical constitution and physiological Jacti/ttn, is ex- 
tremely objure, and is usually to bu found only ylihin very 
narrow limits, outside which any generalizations that may hatfb 
'been made are apt to break down. Thus a very small change 
in the chemical constitution- of a compound is often accom- 
panied by a complete change in its physiological 'action, as in 
the case of cocaine, a-cocaine, and a-eucaine, 

CH CHo 

/f d V 

ch 2 I 11 V 

I N— CH, C— 0 — CO—C fi I!r, 

CH, H /\ 

* r \l . / r-n 

CH CH— COOCH, 

- Cocaine. 


CII CH, 

«• /I V 0 — CO — C i; H 5 

CH, / \/ 

| N— CII, 0 C 

CH, I - /\ 

P \| / COOCH, 

CH CH, 

a-Cocaine. 


CH, 

I 

CH,— C CH, * 

I \ 0 — CO — C 6 H 6 

! \ / 

N— CH, C 

I /\ 

I / COOCH, 

CH,— C CH. v 

' Ah, ' 


a-Eucaine. 
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the ‘first of which has a strong l#cal anaesthetic action, whilst 
th^ second has no local anaesthetic action whatever, and 'the 
third — whiph resenibles a-cocaine in its qhernical constitution 
mor#^ thar^ it does cc^a^ne — has a marked local anaesthetic 
action, just like cocaine itself. In ^his connection mention 
sh<*ult be made of the # ?act*tl^t atauy consideralj^e cfiffej^ace 
iAj#iysiti|*gical action, is often shtAvn by sterso-isomerid^s, as 
in the case of d- and /j^i&otine, d- and Z-hyoscyaminej pilocp^ 
^m<^sopilocarpin*e, etc. 

At^Js jfpint it may be advisable indicate the relation 
betwee?f f JJie chemical composition and the ph^fccal proper- ’ 
^fcies of a substfvi<;e. It is held by some pharmacologists that 
the physiological action of a drug is conditioned solely by ifs 
physical properties, but even if •this wiSre always the case, it 
would not^Txclude a connection between the physiologfcaf* 
Hction and the chemical constitution. It may b£ that the 
effect of some drugs is due to a subtle combination of various 
physical properties ; these cannot, however, be % readily ascer- 
tained in the majority of cases, but*«we can endeavour to 
correlate the chemical constitution — which is the foundation 
of these properties — with the physiological action. Another 
point on which misconception seems to have arisen, is the 
question of whether a difference in properties between tftvq 
substances is to be attributed to chemical or purely physical* 
causes. The following quotation from a leading text-book o* 
pharmacology will serve to illustrate this : ‘ ‘•Yellow phosphorus* 
fjiven by the mouth, is a violent poison, but red phosphorus, 
which^only differs from it in its physical properties, is com- 
paratively innocuous. Yet were the two differently constituted 
chemically, the difference in their action would, no doubt, be 
ref^red^to this fact." Now, according to all modern views, 
there is a considerable difference in the chemical constft&fllon 
of the molecule# of the two different kinds of phosphorus, a 
difference which is manifested in the great difference of their 
reactivity and of thoir toxic action. There is profya^ly as great 
a cheiflical difference between yellow and red ^hosp&orus 
between acetylene, (CH) 2 , and benzene, (Cli),., but at present 
we have no ifceans of accurately investigating tl^ cpolecttlfcr 
complexity of the two solijl varieties of phosphorus. 
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Although the action of rome drugs may be conditioned 
chiefly by their physical properties, ^yet there are others^ in 
which it is undoubtedly due to their chefaical character ( e.g . 
orgapte Lrsenic derivatives certainly qw^* their trypapocidad and 
anti-syphilitic action to f the presence of the arsenic). The 
tertnfohomi^al “ character ra^tjerrthan, “ constitution ” if, used 
^ deliberately, as^in many clses th£ phpsiojogical ifi^on V)f$a 
^bstance may be traced to some sf5e^tic chemical property, 
which i& not necessarily close/y connected with its con.stitjLi^jSfi. * 
For example, the poisonous character of oxalic icid /ind its 
soluble salt? could hardly be deduced from its r?tVuctural 
formula, but its toxicity is sufficiently explained by the faeff' 
ttiat it forms an insoluble calcium salt, a sufficient quantity 
of calcium in solutiofl being •'essential for the welfare of the 
brg<*r>jsm. 1 The higher members of this series of cfibasic acids, 
having more soluble calcium salts, arc proportionately less 
toxic. In other cases, however, some kind of relation has been 
traced between the presence of certain groupings in the mole- 
cule and the appearance of certain more or less characteristic 
physiological effects. These rblations may be used in attempt- 
ing' to prepare new synthetic drugs, but it is impossible to 
forecast the action of any new substance with certainty, and 
cafeful pharmacological experiments must be made before a 
•new compound can be introduced as a drug. 

'■ Many interesting facts concerning the relation between 
chemical constitution and physiological action are described by 
Pyman in a lecture to the Chemical Society . ,J * 

Guidance in ^our efforts to obtain synthetic drugs mr.y also 
be obtained from a study of the changes undergone by com- 
pounds in the organism. These changes are usually in the 
direction of the transformation of an active and ppisohous 
sufBSnce into a less active and less harmful one. Thus, in 
order to replace a drug by a new product iif which harmful 
by-effects are eliminated, we can often attain the desired object 
by stud^ijjig. the changes undergone by the former in the 

t , • 

acjjlhis accounts for the toxicity of the salts and dilute solutions of the 
acids^ront^ solutions of the acid are poisonous in the se^ne way as other 
n #3count of their corrosive action. 

, HI (1917), 1103. 
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Organism, and by taking for the starting-point of the new 
dnjg the product of the^netabolism of the original drug. or 
example, it was fohnd that aniline is cmidi^d by thefhody 
into^ara s^nino-phenc^, yid this observation led’ to the -intro- 
duction into medicine o^a*large numfier of derivatives of para 
anainl- phenol, of whic^ ph<*ii^(^in.is the best-kno^n Sxai^ple. 

VPhe ffcfa ries thft h*ive t>een advanced to explain the Nation 
Df|Variou^drug8 are cl^jefly concerned with carbon compound 
fs%th^ lf^ter offer practically th(£oniy iHeans of compafing sub- 
stancy^j possessing definite structural ^relationships with one 
mother* y Tlie influence 9 of the chemical constitution of a sub- 
stance on its^pJaysioloopcal effect can be seen from the fact that 
definite changes in the chemical constitution of substances 
^elongingjbo the same class, are tfcually atcoinpanied by definite 
changes intlie physiological effect, and further that the a<Jdi#iofP 
3f certain molecular groups to differently acting substances can 
uhange them into similarly acting or equally inactive bodies. 
\s an instance of this point, mention may be nr^ade ot the; dis-^ 
covery of Crum Brown and Fraser, 1 th^t various alkaloids pos- 
sessing the most diverse physiological actions, on combination 
with alkyl halides to form quaternary ammonium derivatives — 

K \ 

N H, R.,R., + RX = ^>NR,R 3 U a , whore R,R,R a are organic 

radicles of any complexity, and RX stands for an alkyl halide 
such as methyl iodide, CFI.,1, ethyl bromido^C.JI^Br, etc. — yield 
•substances which in almost ev(A*y cas% possess the property of 
parading the motor-nerve endings in*the same manner as 
curare. In this way, by the process of motivation, one can 
obtain froifi all tertiary bases (NRjRJFy), quaternary ammonium 

• x \ - 

compounds, which are vtfry, and often disj^rn^or- 

R 

tionately, poisonous compared with the original bases. Curare 
itself contains a tertiary base, curine, which is not very poison- 
ous, a^well as the far more poisonous ammonium hmyj. curarine. 
The former on methylation yields the latter, which is 226 
as poisonous as the original substance. 

1 Crum Brown and Fraser, Trans. Roy. Soc. Ed., 2i) |l«08jrTUY; urum 
Brown and Fraser, Proc. Hoy* Soc. Ed.*Q (1869), 560. 
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On the other hand, the following examples may be qubted 
to%how that the addition of particular groups to certain sub- 
stances may w£ak(£i or destroy their action. This is well 
illustrate by the effect pf the entrattcf of acidic jfroups* into 
the molecule, thus substances containing a hydroxyl group, 
onVKfmbina^ion with sulpha ri^i^idf^ lost their toxic prpjrerrtes. 
i. For instance, phenol is very poisonous, bufc phenoWulphu/ic 
2^d, in jbhe. form of ijs ^pdjum salt,^C ( .H 5 — 0*— £^) 2 — Oj^a^ 
is harmless. Morphine, C rJ fH 17 Np(OH) 2 , is an cfcti^m^ly 
powerful and poisonous drug, but morphine-sulphuinp*acid, 
C 17 H 17 NO(GH) . 0 . S0 2 . OH, is practically inert, a$ 4 d can bo 4 
fjiv'en in ddses of 5 grams without any hi\rm. r Thjs fact should 
be borne in mind in considering the attempts that are often 
jnade of introducing Ihe sulphonic acids of variouajdrugs into 
mdSiome, as in nearly every case these are bound to be useless. 
The effect bf introducing the carboxylic acid group (CO — OH) 
is often Jhe same as that of introducing the sulphonic acid 
group ( — S0 2 -r OH). Ij’or example, the toxic substance methyl- 
amine, NH 2 — CH 3 , is fhus changed into the harmless glycine, 
NH 2 — CH 2 — COOII. The mere addition of acid radicles, such 
as 'acetyl, — CO — CH 3 , without actually converting the sub ; 
stance into an acid may often be sufficient ; thus acetamide, 
NH 2 — CO— CH ;i , is practically harmless, but ammonia, NH 3 , 
Is poisonous ; acetanilide, C f) H r , . Nil . CO . CH a , is less poison- 
ous than aniline, C r) H 5 . NH 2 . 

An example of a# opposite kjnd is furnished by the effect of^ 
the addition of hydrogen to cyclic basis, which is almost invari- 
ably to increas^ their activity, and also, their toxic properties. 
Other examples of this kind will be adduced later, bi^t sufficient 
hav# been mentioned to indicate that similar alterations of 
differently acting compounds often produce similar or klenfical 
alterations in the physiological effect. 

Ehrlich considers that the selective action t of a compound 
for certain cells depends on the coming together of particular 
groups i^uiHe molecule in some sort of chemical connection 
wj^h the cell spbstance. It is only when the compound is held 
to tlie tissues (“ anchored ”) by these groups, that the whole 
cofnplex^/hoiecule can take effect and exert its Characteristic 
♦physiological action. If, therefore/ the character of these 
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special “ anchoring ” groups be altered, fche substance can no 
longer exert its action on these particular cells, but it m*y 
happen that the alteration of the “ anctu^ring^” group cjuses 
the s*hstaqf}e to becom| ‘^anchored ” to a different settof cells, 
and so to produce a dif^rent physiological effect. Examples 
of thi Jtype will be queued s%b|enuen£ly. | • . , 

.^^ ese ^^ ws b^ more xtraclRly understood by analogy 
^wi|h Wittes theory of <%^lng, according to winch the colour pt 
a sSiosi|ai|ce^is due to t\e preserve of certain “ chromkphore ” 
groupOiuch.as the azo group, —N = N~^ while, for the coloured 
% substan2e*fco have dyeing^properties, it is necessar^for another, 
salt-forming, jgroup to # be present, by which it can bti held fast 
to the fibre. A dye, therefore, must contain both a chromcf- 
phore grou^and a salt-forming ^roup, i#hd in the same way, 
a drug is supposed, besides containing an active group, 
“pharmacophore,” corresponding to the chromophore, to con- 
tain also an anchoring group, corresponding to the salt-forming 
group. • 

This analogy may be extended, and tke phenomena observed 
in staining nerve tissues may be Compared with the biochemical 
processes which take place between poisons and the livjng 
tissue. 

According to Ehrlich, the process of dyeing is similar* to 
that which takes place when a poison is injected into the body? 
Thus, if a wool fibre be immersed in a dilute soligion of picri® -1 * 
# acid, the colour is withdrawn from the solution and enters thG 
fibre. The fibres of an animal tissue are regarded, in the same 
way, withdrawing the dyestuff from £he solution, and fixing 
it, if it is lpore soluble in them than in the original solution. 

Tf ^he dyestulf is more soluble in another solvent, e.g. alcohol, 
than in^the tissue, then the latter can be again decolorize!! by 
shaking it in alcohol. 

Now, all dy(*i capable of dyeing nerve cells lose this pro- 
perty if a sulphonic acid group is introduced into the molecule. 
The bulk of nerve-dyes can be extracted from Jheir aqueous 
solutions with ether, but the sulphonic acids cannot'owing Jp 
their greater solubility in water. It is therefore supposedftfiat 
there are certain substances in the nerve tissues $l*ch ac* fcke 

ether does in the test-tube, so th^t the strong action of certain 

• • • 
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poisons on. the brain and nervous tissues is due to their being 
extracted in the same way as they can be extracted with etjaer. 

Ehrlich’s views rjiave proved to f>e vbry stimulating apd 
fruitful* especially in recent years, agd^somo examples off their 
application are given later in this chapter. Further reference 
to k therrf will be found in the stfctkns (jealing with Antiseptics 
anJ^Organuj Aasenic ConLqbimds (£>p. IJD-I 4 3). A*?fc?l acdbffnt 
^ould, however/ be beyond the scopffo f this book, a^d formal 
the rea«&r is advised tcf ref&r^p Ehrlichs own writings . s ** 

A theory of the actjpn of poisons, in which tile sA^ect it 
regarded fi;bm a different point of vidw, is that due/to Iioew. 
It, states f,hat all substances which are capable of acting or 
Aldehyde or amino groups, even when in dilute solution, musi 
be poisons for living tissue, on which they will exert a sub 
•.touting action. The greater the reactivity of a substance foi 
aldehyde (CHO) or amino (NH 2 ) groups, the greater will be 
its physiological effect and its toxicity. For example, phenyl- 
hydrazin'e, . NH . NH 2 , and hydroxy lam ino, NIL. OH 
which are so reactive Wketone and aldehyde groups, are strong 
poisons, both to plants and ‘animals. Aniline, CyTL, . NFL, 
which reacts less readily with aldehydes than does phenyl- 
hydrazine, is less poisonous; and similarly ammonia, Nil., 
is Jess poisonous than hydrazine, IFN — Nil.,. Substances 
containing tertiary combined nitrogen are usually less toxic 
^han the corresponding substance where the nitrogen is present 
in the more reactive form of a secondary imino (Nil) group 
This is exemplified by Ihe fact that if the hydrogen of the 
NH group in many cftkaloids ds replaced by a methyl qgroup 
the resulting tirtiary base is far less poisonous^ than the 
original alkaloid. In the same way, if one of the hydrogen 
atoms of the NII 2 group in aniline is replaced by lyi afkyl 
groai§R>the toxicity is diminished, as the substance reacts less 
readily with aldehydes. A similar explanation's offered of the 
fact that piperidine is far more toxic than pyridine, and tetra- 
hydroquinoline far more toxic than quinoline, namely, that the 

- * C 

« 

**''8eut, med. ff. (1898), p. 1052; Pruc. Roy. Soc., 66 (1000), 424; Zeit. 
physiol. Chem.^iYJ (190G), 173; “Studies on 11111111111117 ,” 4 . Wiley & Sons 
(I960), 404-4;?. » 

3 “ Nft>.iirnV.]-|f»s Svstflm rlfir fUffAvirknntf ” Mimiftli ISOS 
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reduced compounds, which contaii* secondary nitrogen in the 
’ plac^ of tertiary, have a greater reactivity with protoplasm. 
Tl\is view is supported bythe fact that the toxicity of substances 
with UJ)ile a^iino groupsjs increased b^the addition of aJsecpnd 
amino group, but is lessee*! when arwunino group is changed 
into *ai% irnino, Nil, gipup* thus. para-phenylei|&-diarifijjie, 

,, is Aorof toxfc tniui aniline. Irf general, if"the^ 4 
^chej^ical c^ar^cter of poison jf» pia^i more labile Jjy an** 
ch*akg(*.inlthg character 5f t^e mtlecule, then it becomes more 
toxic, vice versa. An example ofnfchis is shojvn by the 
Jiydroxybe^zenes, in which the increased reactivity due to 
the entrance % of* hydroxyl groups into the benzenfe ring ls # 
accompanied by an increase in the toxichy of the substance. 

- OH 

Thus, trihydroxy-benzene, pyrogallol, is m0l ’° P 0 ^ 0 ’ 11011 ^ 

than catechol, which contains only two Hydroxyl 

UOH’ », 

groups, and this in turn is more poisonous than phenol (mono- 

hydroxybenzene), YJ' ^ . The labile substance,. ammoniiUn 

sulphocyanide, is toxic to plants, but the more stable isomer, 
thio-urea, is not. Substances with carbon atoms united by 
“double bonds” are generally more reactive and^more toxic* 
than closely related compounds with simple Jinkage. Neurine « 
is more poisonous than cholint?, and Either instances of this 
kind ai^ mentioned in the next chapter. The toxicity of 
phenols is attributed to their reactivity, efpecially with 
aldehydes. *This reactivity is diminished by the entrance of 
acidtgroups, such as the carboxyl, COOH, and the sulphoiTic 
acid group, SO., — Oil, and this diminution in the react iswr-ty 
is accompanied ^y a diminution of their toxic power. For 
/\COOII . 1 

example, salicylic acid, | j , is less poisonous than 


A)H 


phenol, 


OH 


In the same way, saccharin, 
• CO 

C li / ^NH 
SO, 
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is not at all poisonous, as* the presence of the carboxyl anc 
t*ie sulphonic acid groups so much f diminishes the react* vitj 
of. the imino gfoup? f . , 

Thelj views of Loew v which are*bjth simple apnd vefy sug- 
gestive, can nevertheless only be applied to certain* group* 
o^ubsta^ces which react wilh %ldekyde and amino ^grt>ups 
They offer no*explanation of *che # selective actioi?*<jl diffe^enl 
^issues t for. various drugs^ aj they ar<* applied sym^ly to ^ota 
plasm, and the protoplasm anj arfi every tissue fhq# IftlTilt 
aldehyde and amino# groups, which, according *to view 
should rea$t with the drug. Nevertheless, the theory is oj 
value in f co-ordinating the action of i^he vafiops members ol 
certain classes of compounds. 

A physical theory of the ifetion of various hvpgptica will be 
ffiscvssed in the chapter dealing with the hypnotics. 

, To return to Ehrlich’s theory of “ anchoring” groups, many 
examples may be given to illustrate the application of the 
theory. In general it f is supposed that there are two kinds ol 
groups in the molecufeof an active substance, necessary for the 
action to appear, but in some cases the active group and the 
anchoring group may be one and the same. If the anchoring 
group is altered or removed, then a different physiological effect 
from the original may become apparent if there is present a 
second possible anchoring group, which can now manifest itself 
more stror^ly. As these other anchoring groups may effect 
different tissues from Jhose effected by the original anchoring 
groups, so a different physiological effect may be produced, or 
one of the special physiological effects of the substance may 
become enhanced. In the first place, the most chemically re- 
vive anchoring group dominates the situation. 

For example, morphine has a strong hypnotic effect, and 
the anchoring group is probably one of the hydroxyl groups. 
If these are combined with sulphuric acid, then the mor- 
phine cannot become “ anchored ” to the nerve tissues 1 of the 
« « 

1 It should bo pointed out that the loss of the physiological Activity of 
L#vphine on siflphonation can be accounted for, from the physical point of 
/iew, by reason of the change of its solubility. The more soluble substance 
•annot beto^io “anchored” to the tissues. These twotpoints of viow are 
jot, howCver, antagonistic, and are merely different methods of viewing 
die f^pane experimental facts. « • 



INTRODUCTION 


ti 


central nervous system, and the ^suiting substance has no 
effecfr at all. If the hydroxyl is only altered by the entrance 
0t an organic- radicle, with the formation of Substances such as 
methyl ethyfy or acetyl jeiivatives, thi^i the hypnotic $fect is 
thrust into the background, while the action on the respiratory 
centites,* produced by niorplftnJ to a slight extent^ becofiaps 
* mu4i # enhin8ed and%on^nates tne^pliysiologieal tiffect (eodeme, 
herq^i, etc.^ • 

Ii* those! ca^es where tile presence ot all acid group prevents 
the suh^^nce- from acting on certain tissues in spite of the 
^presence ofjan anchoring group, the esterification^pf the acid 
group causes t^e •physiological action to appear. To illustrate 
this, the esterifying group must of itself nlay no part in the 
physiologica^effect, which must Reside solely in the original 
substance, and only be hindered from appearing by the pre^sm£ 


of the acid group. 

• 

For example, arecaidine has no action at all on animals, but 

arecoline, its methyl ester, is 

poisonous, Jind has*physiological 

”* cri 

. *CH 

H/j/Vj— cooh 

ILC/^C-COOCIIj 

• 

H 2 C X// CH 2 

U.fi. yCll, 

o 

1 

z 

N — CII ;I 

Arceaidiue. 

Arecoline^ 


effects similar to those of pilocarpine an^musfcarine. The ethyl 
ester acts similarly to the methyl ester. 

A precisely similar example is furnished by jocaine, which 
is the methyl ester of benzoyl-ecgonine. Benzoyl-ecgonine 
itself is far less active, and is twenty times less toxic th^n 
cocaine, Qwing to the presence of the garboxyl group. It is 
only when this group is esterified, that the typical actioiTof 
cocaine appears, fnd it is immaterial by which alcohol, the ester 
formation is accomplished. In every case the typical action 
of cocame appears when the carboxyl group is masked, and 
therefore it is not the alkyl group which is active, but its 
presence simply serves to destroy the effect of the ^roup which 
is inhibiting tlio characteristic action of the drug. • \^ien tftfe 
group is masked, then the typical '^anchoring” group cau # take 
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effect. Thus it may possibly be that for cocaine to act as a local 

# \ - ’ 

aesthetic, it jnust be anchored to the tissues by the N — QH 3 

, * i\ f / # 

group, or at any rate by^some portion^ the molecule other than 

t^catbo^yl group, but that iffri fc’ee carboxyl group be^present, 
it .becomes anchored by Vhfls unsteady and' so faite^o pf o$uco f 
^its characteristic action. i ( J ■ ’ 

One 4 can thus altel- infict^ve compounds into a^tjj/e od^syo? 
vice versd , or can alter the nature of the action'of same com- 
pounds by means of a chemical ‘ change whicRViiters the 
group. Jn this way, if the most prom inent c properly of a drug 
becomes suspended or diminished, a^ comparatively masked 
property becomes developed 

.Closely connected with the relation between trtfTconstitution 
and the physiological action of a drug is the second question, ‘of 
whether there is any connection between the action and the*' 
chemical changes which the substance undergoes in the organ- 
ism. Robert considers that the strength of the action of a drug 
is in no way proportional to frae amount of the chemical change 
\yhich it undergoes in the organism. For instance, very active 
substances, ^ike atropine and strychnine, pass through the body 
practically unchanged, but an inactive body like tyrosine is 
completely oxidized by the organism into carbon dioxide and 
water, diversely in the case of many compounds, it can be 
seen that when ihey have an effect on the body, they have 
undergone a chemical 4 * change. This is also the case with 
many physiologicalty active organic compounds, which often 
show a chemical alteration in the organism. It would therefore 
seem as if there were no relation between the changes under- 
gone by a drug and its physiological action, but nevertheless 
some facts can be citecl against the view that there is absolutely 
no connection to be traced. 

It has been pointed out, in discussing the relation between 
chemical constitution and physiological action, that wide gen- 
eralizations cannot be drawn, and that it is only in tne case 
S>f "closely related compounds that relationships can be traced. 
k»the s^n^; way, with regard to the relation btffcwcen chemical 
dianrje and physiological action, connection can be found 
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in certain cases of closely related compounds. In many cases 
physiologically acfcivo compounds show a degradation of fch# 
molecule, ami these '‘same substances, if ^hey„ are made, go 
resistant tft^t they no Joqger suffer any alteration ^n- the 
organis|i, then become inactive. For example, xanthine has no 
tonic# a<^ion on the hear^> mAscfe, but theobromine ^limefchyl- 
i xanilfne) a slight tonic t acl<*i, # and caffeiwe (tri-metfryl- 
xan mine) *hris a still mole ^narked tonic action* from which it* 
wifi i)e^>od|i unit the add\ion of rgetfiyl | roups to the nitrogen 
of xantjjjf^ actffs a special action on tbe^ieart to the ordinary 
physiological action of xanthine. Experiments, niadb to ascer- 
tain the fate of thgsg compounds in the organism, shoujjthat the 
products of metabolism found in the urine after the administra- 
tion of caffeine and theobromine contain xanthine bases, poorer 
in methyl groups than the substances originally administered^ 
*11 N CO 

II 

/ 

OC 0 — N 



on 


IiN- 


-0— N 
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!• f au 
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Caffeine. 

• 

This indicates that the methyl groups have been split off in the 
organism. In experiments on dogs, caffeine gives first theophyl- 
line anffthen 3-mono-methyl-xanthine, smaller quantities of the 
two other di-methyl compounds, theobromine and para-xanthiif8? 
being also formid. 1 In man it is degraded into thecjbh^lline.# • 

1 Kruger and Sehnpd,«£<nC physiol. Chom-, 36 (1902), 1. 
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Para-xanthino. 

In both cases, ther&ore, we have a splitting off of some of the 
methyl groups, the groups which appear to be responsible for 
the tonic action on the heart. This case indicates that there 
is sometimes a relationship between the physiological action 
a»nd the changes undergone by the substance in the organism. 
< Another well-known instance is afforded by the sulphone de- 
rivatives, t^e hypnotic action of which has been shown to be 
« connected with tke presence of ethyl groups in the molecule. 
The methyl derivatives are inert, and pass through the organist 
unchanged; the eth^l derivatives produce sleep, and a «e almost 
completely decomposed by the organism. 

In the case of the alkaloids, it is very difficult in most cases 
to obtain any knowledge of the mechanism of their ^ctioif, and 
generally they seem to pass out of the organism for the most 
1 part unchanged. Hence it has been assumed that the action 
of some of these is “ catalytic,” an assumption that explains 
nothing. Another view is that the small portion of the alka- 
loid that cannot be recovered from the body has undergone a 
Chemical cha‘nge to which its action is due. 

• iCompartd with food-stuffs, most drugs are destroyed by the 
organism with difficulty, a/id they, owe their activity to this 



INTRODUCTION 


15 


property, but if they are absolutely resistant they are quite 
•inactive. Those substances which have a specific action must 
be fairly resistant, otberwfee they would react vyifch all proto- 
plasm. In'tJjo synthesis of drugs we make use of this pibporty 
by confeuring # an artificialVosj stance on fhe synthetic substance, 
so a% t^ prevent it frory rerctktg too suddenly, anjl also* to 
prewxnt it^fi^m rcafting with a|ltyi& 3 ues, so that it does not 
sho\i undesirable by-effebtS. For this reason, ’all substances., 
whicj can|rfcact with ev^ry kind J>f ^»iss*5ie cannot be uSed as 
drugs, ijfcless^the reactivity's artificially diminished, or the 
dose madtVrery small, in \^hich case they can be.niMe useful 
(e.rj. formalcTeh^d$, Jiydrocyanic acid). .> 

In some substances tfie physiological effect seems to be due 
more to the stereo-chemical configuration tVuin to the chemical 
constitution.** One general instance will be a sufficient supper u 
fot this statement. It has already been pointed out' that all 
Ammonium bases have a paralytic action on the motor nerves, 
and that this action is quite independent of the, structure of 
the rest of the molecule. Even the presence of nitrogen is not 
necessary, as a similar effect is Shown in those bases where 
the nitrogen is replaced by phosphorus, arsenic, ox, antimonJ-j 
and it therefore seems that the effect is due to the configur- 
ation of the ammonium, phosphonium, or arsonium group", 
this being a three-dimensional (space) one, while that of the 
original amines almost certainly lies in one plane. * This view 
is strongly supported by the fact th^at diethyl sulphide, 
(OTT^S, and diethyl sulphide, wTiere the sulphur is divalent, 
and wh^ro the configuration must lie in one plane, are 
practically inert, but that tri-methyl sulphonium hydroxide, 
(CH 3 ) 3 SOH, and trimethyl sulphonium iodide resemble thp 
ammonium bases in having a curare-like action on the motor 
nerves, fn these compounds, where the sulphur is tetravaleht, 
its valencies are (^stributed in three dimensions, as shown by 
the fact that optically active sulphur compounds of this type 
have been prepared . 1 
* 

1 Smiles, J. C. 77 (1900), 1171; Popo arid Poachoy, J. <?. S., TJ (100V 
1073. 
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Inorganic Elem» its. - In 1839 Blake 1 noticed ^hat the 
action of nits, injected into the blood, depended 'finly on thy 
Electro-Positive half, and hardly at all. on the electro-negative. 
This is analogous the action of most esters, which generally 
resembles that of the alcohol from which they are derived, the 
explanation in both cases being that acids are usually physio- 
logically inert. Later on 2 it was shown that in any given group 
of isorporphous substances the action is similar, and is usually 
increased with increase in atomic weight. This was shown to 
be the case with Li, ila, lib, Cs, Ag, Tl ; and with Mg, Mil, Co, 
Ni, Cu, Zn, Cd, and with fia, Sr, Ba. The only exceptions 
found were in the case of potassium and ammonium, which 
differ from the other isomorphous substances of the group. 
I3ut these salts are also exceptions to Mitscherlich’s law that 
isomorphous substances have similar spectra. It was therefore 
supposed that physiological action depends on intramolecular 
vibrations in the sam<e way L as the spectra depend on these. 
The statement ma<)e above that isomorphous elements have 
a similar physiological effect, which becomes stronger with 
increase in atomic weight, only holds good in the e^se of electro- 
positive elements ; in the case of negative elements, such as the 
halogens, there is no .relation between physiological effect and 
atomic weight. Elements forming two series of salts show 
different effects, according to which class the^salt belongs, ferric 
salts, for instance, differing considerably from ferrous. In 
many saltrdhe action appears to be due to the ions into which the 
£^lt dissociates ; for example, potassium ferrocyanide is excreted 

for the most part unchanged, and has neither the action of a; 

c « i a 

1 L ; . if., 8 (1839), 875 ; Vroc. Roy. Soc ., 4 (1841), 155, 281, 285. 
c t 2 Her., 14 (1881), 39 L * e 
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ferrous salt nor of a cyanide, and similarly sodium pla'ntinc 

• cyanide, which is found unchanged in the urine, is almost fre 

from poisonous effect^ thifts differing both from the cyanide 
and the. platinum salts. * • 

The mfect of ionization ^ strikingly indicated by the mercttr 
salts. # ijereuric chlorid^, is ionized and ^xtrlmpl 

poisowous, ^iV/the collide, IIf^(C|S3 though soluble, is almtys 

• non-ilnized Jind is far A^s§ poisonous. The *insoluble am 

pratjtjcryiy V^-ionized rtt^rcurou^ cfflorfle (calomel), VgCl 
is comparatively non-poisonoifs. ^ 

Phosphofeium, arsonium,*and stibonium bases do *not shov 
the action of tho # qther phosphorus, arsenic, ancf* aptimom 
compounds. On the contrary, these compounds resemble th< 
substituted ammonium bases, such ts those*present in curare 
in having a paralytic action on the motor nerves. In thes< 
cales we do not get the characteristic action of the paisonou* 
Elements themselves, but rather one resembling the analogous 
compounds of the indifferent element nitrogen. 

Radicles and Elements inP Organic Compounds. 

• Action of Hydrocarbons and Effect of Alkyl <3roups.- 

According to Schmiedeberg 1 the action of aliphatic compounds 
is governed by the following rules : — 

The physiological activity of substances (especially aliphatic) 
depends chielly on physical properties. The readtness with 
wlpch a substance is absorbed is# a very important point, as 
obviously a substance that is not absorbed flan have no action 
on the system. Volatility and solubility in watei^are of great 
importance, a* fact which is illustrated by the paraffin series, 
the Iflwer and more volatile members of which show the* 
characteristic narcotic effect of the hydrocarbon groups, while 
the insoluble non-volatile higher paraffins are without any 
action at all. 

The following rules show the effect of substituent alkyl 
groups -r 

(1) Very poisonous radicles, on substitution by simple alk)j* 
groups, lose the ^tensity of the original character of i^e group^ 


1 A . e . P . 1 > % ) 20 (188Q), 201. 
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For example, by substituting alkyl radicles for the hydrogen of 
HCN, the nitriles, RCN, and isonitriles, R — N zi C, are obtained, 
and only became poisonous when idCN is split .off in the or- 
ganism. Also cacodyl oxide, (CH 3 ),,As — 0 — As(CH 3 ) l> where 
the oxygen of arsenious oxide is rgpl^ced by two Ynethyl groups, 
does bot^show the characteristic arsenic effect until af^erdt has 
be^un to decompose in the^dy.' < ' p ■ ■ . 

(2) On the 'other hand, the effect! of the alky) .group;;' can 

be lessened or altoge(€ier f *lokt by combination wj^i pth^r atoms 

or groups. For instance, the ainines of the fatty series (a.g. 

mono-, dl- v and tri-methylamines) behave like ammonia and 

have no narcotic action. Nevertheless, the first rule holds 

* ,1 

in this case as well, as these amines are less toxic than 
a 

ammonia. 

, (3) When a compound is formed by the union of two groups 
through an oxygen atom, then the physiological el’lpct depeiids 
upon the nature of the two components, each of which, acts 
independently of the other, in those cases where both parts 
of the compound an • similar or equivalent alkyl groups, as in 
the case of the simple and mixed ethers, then the action of 
tfie whole pompound is a simple one, and these substances re- 
semble the corresponding alcohols in their physiological effect. 
To this class of substances should lie added those esters the 
acids of which yield neutral (sodium) salts without any specific 
physiological action. For this reason, acetic ester and its 
homologues arc Uassed with the alcohols. If, on the contrary, 
the acid has a specific action of its own, then this hecoifles 
apparent in the ester, and exerts a modifying inlluej.ce on the 
physiologicaf effect of the alkyl group — c.g. amyl nitrite. 

These rules of Bchmiedeberg are of value, not only in 
summarizing the effect of alkyl groups, but, as can bb seen 
above, are also useful as applied to other groups of substances, 
especially the ethers and the alcohols, the effect of which is due 
to the alkyl groups contained in them. 

The hydrocarbons of the methane series are, as would be 
expected from their chemical nature, less active physiologically 
than those of the ethylene, acetylene, or benzene series. The 
Ibwer ^h^jnbers, when inhaled, produce ame&hesia and sleep, 
anj\ in larger quantities ?,sphyxia«tion. The toxicity and the 
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strength of the narcotic action increase as the series is ascended, 
'but <*n further ascending the series, the action diminishes owing 
to fheir diminished volatility and solubility,- so that the higher 
memb^s are^uite inert. ^ The member^ of the ethyle^ serjes 
have a|simitar narcotic %aoti on ; amyjene, C fl H J0 , resembles 
chlomfofm in its narcotic pfop^rties. ^ * 

benfy£ne hydrocarbons h^v^ a* paralysing action on \he 
motc^ neiv|S, ?yid a mor| Noteworthy action on* the brajn andt 
cofd, atuaJn^ lethargy arjd somnolence J Bromobenzeife and 
chlorob|nzene.act in the same way as berfsene itself. Naphtha- 
lene, C i0 I^ # is less toxic than benzene, but slows th^espiration 
and, in fever, the # temperature. It also has the*property 

of decreasing nitrogen metabolism. Dipherpd is physiologically 
inert, while thiophene, furfurane aftd pyrrol resemble benzene 
to a certain extent. # 

Hffect of Alkyl Groups. — Some of the effects of introducing 
alkyl groups into a compound have already been mentioned 
in connection with Schmiedeberg’s rules^ but thare are many 
different effects to which attention may* be given. The con- 
vulsive properties of ammonia a$ diminished by the entrance 
| of methyl groups, trimethylamine being free from these effeefo. 
In aniline, replacement of the hydrogen of the amino group 
causes diminution of the convulsive properties as with ammonia* , 
but replacement of the hydrogen of the nucleus by methyl 
groups causes an increase in these effects. The tnarked in- 
fluence of the entrance of methyl groups llito the xanthine 
molecule has already been pointed out. The foregoing ex- 
amples slow that the addition of a methyl group to a nitrogen 
atom can pn^luce very diverse effects, and a simitar variety can 
be found in the effect of the methylation of an hydroxyl grour^ 
The alkyl, ethers of the type K . 0 . R, # where R represents 
an aliphatic hydrocarbon radicle, are distinguished by their 
resistance towards oxidation, and physiologically they show a 
marked hypnotic action, as in the case of ordinary ethyl ether, 
C 2 H 5 — 0 — C 2 II 5 . This hypnotic action is also show^j by many 
other compounds containing an ethoxy group, — 0~C 2 II 6 , such , 
as ethoxy-caffeine. 

In many case^, replacement of the hydrogen of a*i ^drox 
group by a methyl group dfininishea the physiological activity. 
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OH 


For instance, catechol, <( )>0H, is more poisonous *than 

pOH - 

gujiiacfyl, >OCII. N and this in iurn is mp # re poisonous 

OQH, . ^ „ c f 

than veratrole, ^ OCH^, ^nd 1 ort£io-methoxy-ben^)ic # acid, 


• OCHo 


fif 


if less 


^>pOOH, and anisic acid, Ollf { 0< ^~ ^ >C 0 ’ ft ai 
(b * r OH / ' ^ (< r 

active than salicylic ftcid, < ( ^ >CQOH. On the other hand, 
in some ca^es the activity of a compound is increased by th<*» 
f ftiethylation of an hydroxyl group. Cor fnStajrce, di-methyl- 
resorcinol is extremely poisonous, far more so than resorcinol — 
OCH, v Oil 


ben. 


'on 


In ^omo cases, the methylation of a hydroxyl, and even 
more often of a caij oxyl group, may cause a very marked 
change in the physiological itction of a compound, owing to the 
pethylation producing a new anchoring group for the molecule. 
It has already been pointed out how the entrance of an alkyl 
group into certain acids often causes the full appearance of 
certain previously masked properties, as in the case of cocaine, 
arecoline, gtc. Possibly a similar explanation may be given 
of the antipyretic action of phenyl-dimethyl-pyrazolone (anti- 
pyrine), phenyl- m e t h y f - p y r a A) 1 o 11 0 being inert. * 


CH, — C bn 

I' 1 

CI1 3 — N CO 

\ / 

N — e„H , 

Phenyl-dimethyl-pyrazolone 

(antipyrine). 


ci m 

“ 1,1 

II— N ' CO 

\/ » 

Phony 1 -rn ethyl pyrazolone. 

it 


In the chapter o*i hypnotics, reference is made to the 
important of ethyl groups in the hypnotic ketones and sul- 
t phones, in v^hich compounds the ethyl groups seem to have a 
marked influence in causing the hypnotic character to appear, 
N^herea/ methyl groups are entirely without thfs influence. In 
fact* there appears to be a «narked difference between the ethyl 
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and methyl groups with respect t<^ their action on the central 
nervous system, for which the former seem to have a s]3eciaj 
affinity. Ot}ier groups of compounds show similar relation- 
ships. An' interesting experimental resiflt points to tjfe same 
conclusion, it h^s be^i shown that ’certain dyes containing 
the dielhyl-amino group, NiC.JI r) ) 2 , possess the property of 
dyei»g tfic^mfrve fiffres, hut the jiC|Tftsponding dyes containing 
the methyl-amino groiip •NfOHA,. do not hatfe this property 

lAyrichaelis) • 

Anot^br example of file* diuerence |uemveen meinyi ami 
ethyl gr&ips is furnished by para - phenetol - tjarbamide, 
VlJI-O . C i; ft, . CO . NIL (Dulcin), which is ^vo # hundred 
times sweeter than sugar, whilst tin* corresponding methyl 
derivative, CH 3 0 . C |S II 4 — NH — C<9 — NIL, is tasteless. 

The entrance of a phenyl group often produces a marked 
change in the physiological action of a compound, but 4he effect 
•varies greatly in different cases, and no general rule can be 
given. , 

Effect of Hydroxyl Groups. — The eiftrance of an hydroxyl 
group into aliphatic compounds Usually produces a weakening 
of their physiological activity, and this weakening effect *is 
roughly proportional to the number of the hydroxy] groups. 
For example, the narcotic and poisonous alcohols give rise to 
the inactive glycols, glycerol, mannitol, etc., and from the • 
very active aldehydes are obtained the less active ^ildols, such 


as 



(Jn 

CII, 


CHO, 


and by the entry of more hydroxyl groups, the totally inactive 
aldoSes (glucose, etc., CH,, . OH(CH . Oil)., . CHO). A similar 
effect is often produced in many other compounds, for example, 
caffeine, the physiological effect being lost in hydroxy-caffeine. 

In the aromatic compounds, the entrance of a hydroxyl 
group usually causes an increase in both the physiological effect 
and th<? toxicity. The entrance of a hydroxyl group in benzene 
itself causes a great increase in the toxicity, together with tfie 
appearance of tfce strong antiseptic properties for pheAo+ 

is well known. In tin; case of a mgre inert aromatic substance 
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such as benzoic acid, the entrance of a hydroxyl group is .again 
accompanied by an increase in physiological activity, ojtho-' 
hydroxy-benz<?ic acid (salicylic acidj having well-.marked anti- 
septic ( properties as well as an apparently specific action in 
rheumatism. " , t c i 

The large number of facts Jmtwn $,s to the action^f <com- 
poifnds containing a hydrof.y 1 gfoup do viot leild ^hemE elves f 
f to the view tha't this group has an f action of its o\>np but jjiey 
point lather to the fac that ff. very often perform- 'the function 
of an “ anchoring ” gr^pp. The nioddication of such gVpups by 
esterification or alkylation neutralizes or alters the efflet of these , 
groups ip “ anchoring ” the substance to a pqi'licular tissue. If 
f an acyl group entgrs the hydroxyl group (esterification), then 1 
various different effects may be produced. In those cases where 
thtf ester is hydrolyzed in the organism, its action is duo to that 
of the original hydroxylic substance, together with that (if any) 
of the sodium salt of the acid. As the greater number of acids' 
are inert, the action of most esters is due to a delayed action of 
the alcohol from whic\ they are derived. In some cases, the 
esters do not appear to be hydrolyzed by the organism, and they 
then do not, behave in the fashion indicated by the foregoing 
statement. For example, triacetyl glycerol (triacetin) — 

‘ f CH,— 0— CO— Oil, 

I 

C CII— 0— CO -CH, 

C fL— 0— CO— CII ;{ 

does not show, the action of glycerol or of sodium acetate, both 
of which are practically inert, but possesses a specKic action on 
tke nervous system, and is poisonous. Glyceryl ether — 

* CH., — CPI— CII., 

I ! I " , 

000 

1 J 1 

CH.— CH— OIL, 


*i5 also an hypnotic, this being an example of the fact that alkyl 
tfompounjl^of this kind, obtained by the addition of an alkyl 
residue to a hydroxyl grouj^, often show hypnotic properties ; 
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for example, ethoxy-caffeine. In the case of the ethers, such 
as ordinary ethyl ether, the narcotic properties aro strictly in 
accordance wjth the c-lose^resemblance between f the chemicaf 
properties 6f the ethers and the parent hydrocarbons«them- 
selves, ^he darcotij action ^ being simply that of the alkyl 
groups, <js stated by Sclpnieieberg in the third of his* njles 
"(loc.mt.). • * b '* * • ’ 

Oilier fmiditions being •equal, primary alcohols are less # 
active Jiha* secondary, afid these Jir(f in |turn Jess activ^ than 
tertiary* In homologous terfes, those mAnbers with long side 
chains areXin general more? active, a rule which also holds for 
benzene derivatives with side chains. The chief action of ethyl 
alcohol is on the nervous system, the narcotic effect being pre- • 
ceded by a loss of control of the higher cemfes, an effect which 
has led to the mistaken belief that alcohol in small quantities 
aSts as a “ stimulant.” Although the subject is some\yhat*eon- 
'troversial, the balance of the pharmacological evidence suggests 
that there is no justification for the medicinal use of Slcohol. 
An excellent account of modern pharmacological opinion on 
this subject is given by Cushnf in Science Progress, No. 8, 
April, 1908. ft is there suggested that if alcohol had been 
introduced as a modern synthetic remedy, it would probably 
not have survived more than six months, owing to the faot 
that any of the desirable effects produced by alcohol can bo 
produced by other drugs with greater certainty. r £he action of 
the higher alcohols resembles that of ethyi alcohol, but the 
intensity increases as the series & ascended. 

Effect of Halogen in Organic Compoifhds. — The most im- 
portant effect of *che entrance of chlorine into ihe molecule of 
aliphatic compounds is an increase in their narcotic action, 
but this useful property is ^accompanied by an increase in thefr 
depressant action on the heart and blood-vessels. Narcotic 
action and lowering of blood-pressure appear to be general 
properties of chlorine compounds, and an illustration of the 
fact that narcotic action, and also the toxicity of chlorine com- 
pounds depends upon the amount cf chlorine in the substance, « 
is furnished by the chlorine derivatives of glycoi the. Glyc(jPol # 
itsc3lf is inert, Ifut the chlorhydrins have a narcoticvaetion, qjpA 
dilate the blood-vessels, tfiis effect being the great^t in the 
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case of trichlorhydrin, CHoCl — CHC1 — CH 2 C1, and least. in the 
^pase of monochlorhydrin, CH 2 C1 — CH(OH)— r CH, 2 OH. o 

This fact ,\s also illustrated b/ methyl chlQride, CH. { C1, 
methylene 'dichloride, CH 2 C1 2 , chloroform, CHCl 3 ,‘and carbon 
tetrachloride, CC1 4 , a series in which/'increpe in^the amount of 
chlorine is accompanied by incuvase^l narcotic actioi^ aiad in- 
creased toxicity. But in 4ly; paso-of the chlorinated^attyoicids, 
,the toxicity decreases with increase of chlorine, foirhlonfcetic 
acid $eing practicalli ndn-fjpxic, while nionochl(p*a<jetic^acid is 
strongly poisonous. The chlorina'«ed v fatty acids are alsfo anoma- 
lous in another respect, as the narcotic action of ft.'ie sodium 
salts of theSfatty acids increases with rise of,. molecular weight 
from acetic acid to valerianic acid, while in the case of the 
corresponding chlorinated acids it diminishes with increase of 
molecular weight. 

In chloro-caffeinc, there is an antagonism between the tonic 
effect of caffeine on the heart and the depressant action of the 
chlorine, and. it is found that the tonic effect of this substance 
is less than that of Caffeine, but the diuretic effect and the 
stimulation of the brain due to caffeine are not affected. 
f «The entrance of halogen into the benzene nucleus produces 
only a slight change in the physiological properties. None of 
these derivatives have an anaesthetic or hypnotic action, but 
/ there is usually an increase in antiseptic power. In general, 
there is a c^ose resemblance between bromine derivatives and 
those of chlorine*, both in the aliphatic and aromatic series. 
Organic iodine compounds differ from those of the other halo- 
gens in respect of fneir increased antiseptic power «id their 
diminished hypnotic properties. (Compare chloroform, bromo- 
form^" iodoform.) The toxicity of the iodine compounds 
rtfarkA ^eeds that of the analogous chlorine ard brofhinc 

compel ut this Has not seriously hampered their use as 

antisem a very large number of iodine* compounds have 

been pit ** this purpose. 

Effect ( **nd Nitroso Groups. — The entrance of a 

1 nitro (N^ (NO) group in general causes a /narked 

*irfarease iVypnotic, this lependently of whether it replaces a 
Ly^rogemiof this kind, eleus or one in a hydrcfltyl group. 

The afi^ hydroxyl grouse rise to dilatation of the blood- 
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vessels, and are therefore used to^ower the blood-pressure. 
The f^rength of this effect diminishes in descending the series* 
from amyl nitrite to mSt-hyf nitrite. All the nitrides act in this 
manner, the secondary and tertiary bging stronger their 
action tpan the primary, probably owinjj to the fact that they 
are moreLreadily hydrolyafsd 1*) alcohol and nitrite. A similar 

,$oliort m skcn$n by*bhe esteTs jf|nHric acid, stitro- glycerin, 
CH.;(^N0j\Gri(0N0 2 )— «il,(0 .NO.,), and drythrol tetra- • 
nitfate ••being largely usecl in mojicfnejto dilate the l^ood- 
vossels. 1 * . * * | 

^ Aiiphatic^nitrO-compouncfs, such as nitro-methane; tvhich are 
isomeric with t^ie al]cyl nitrites, 


K— N 




0 


or K— n/ I 


'O 


Nitro-compound. 


R — O — N- O 


Nitrit#. 


differ from them in their physiological action, being poisonous, 
but without t ho property of dilating the blood-' vessels. 

The entrance of a nitro group into aromatic compounds 
usually increases the toxicity, nitrobenzene, nitro-naphthol, and 
nitro-thiophene, for example, all being more poisonous than thS< 
substances from which they are directly derived. Paranitro- 
NO., 


toluene, \^J , is nob very poisonous, because it is c^xidized to 

GH 

NO., 


para-nitro-benzoie acid, | , which is then eliminated as para- 
GOOli 
NO., 

nitro-hippuric acid^ f^l . As is usually the case, the entrance 
GO — NH — Clio — COOH 

of negative groups diminishes the toxicity, the aromatic nitro- 
aldehydffs being non-poisonous, as they are readily oxidized to 
the inert nitro-acids. 

1 Tho workers employed in explosive factories often suffer u UJU uu uua u iv 
caused by tho vapour of nitro-glyfleriue (“ W.G.” headache). 
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Effect of Basic Nitrogen Groups. — The entrance of basic 
f nitrogen radicles into aliphatic or aromatic compounds, pr the • 
presence of nitrogen in cyclic bases/ can 'produce very important 
pharmacological effects. The nature of these varies greatly in 
different cases, and at this point onfy a f^w features oft interest 
wvll fee referred to, as the subject- wiV be considered f'-om time 
to." time in thu special paVtyolf the" book. * • 

The convulsive action of ammonia and its disam-earapce on 
the Entrance of alkyl groups has already been r (/erred k>. ‘Re- 
placement of the hjurogon of Ummonia by acid grp ups also 
diminishes the activity of the sufestance, and produces iner£ 
-compovndV which are found unchanged in the urine. 

For example : v 

Carbamic acid, NIL, — GO — Oil, is poisonous, probably on 
account of its unstable character, but its ester (urethane), 
NHo — 00 — OG.JL,, is more stable and has a hypnotic action. 

Hydrazine, NIL, — N II.,, is far more toxic than ammonia, 
but the tetr/v and penta-methylene diamines, N H. ! [GH 2 ] J( NH 2 
and NH^CHjgNlR! are quite non-toxic. Ilydroxylamine, 
NH, — OH, is very toxic on account of its reactivity with 
aldehydes .(Loew’s theory), and hydrazoic acid and its sodium 
salt are very toxic. The action of oximes resembles that of the 
'aldehyde from which they are derived together , with that of a 
nitrite, the --N0H group probably being oxidized to a nitrite. 

Acetoxine lowers the blood-pressure and has a narcotic 
action. * , 

Guanidine is toxic, owing to the presence of the labile imino 
.NIL, * 

(NH) group, •’IIN—C^ ; and evanamide. ON — NIL,, has a 

x NHo 

*toxic action similar to that of guanidine. «■ 

The salts of the * platinum-ammonium bases ol the type, 
(NH 4 ) a PtCl rt , resemble the other ammoniunj bases in having a 
curare-like action. 1 

Very great interest is attached to the experiments that 
have been made on the effect of the entrance of afci amino 
^roup into the benzene nucleus, as they form the basis of a 
oj^rge ijynber of antipyretics and analgesics.* Amino-benzene 
1 Hofmoister,*!. e. P. I*., 16 (1883), 393. 



THE EFFECT OF VARIOUS ELEMENTS AND RADICLES 27 

• 

(aniline) resembles ammonia in majjy respects as regards its 
physi^ogical action, but it also resembles benzene in some of< 
its properties.. It catises Convulsions, but also# paralysis of 
muscles and nerves, and if one of the hydrogen atoms th # e 
amino gi\>up Ife replied by an alkyl groi$p, the convulsions no 
longer# anpear, but only th« patalysing effect remains, if oi!e 

thefiycAo^en atoms? in the nucl^i^o? the anilin® molecule be 
replaced byy%imj)le atom, sufeh as bromine, the convulsive effect 
is rStaii^e^, an<| if it is replaced by#in*xlk#l group the effect is 
increase^; but if a complex jfroup, especially an acid group, 
yntors the fkicleus, the effect is lost, as for oxample*fti amino- 
# % .. Nil, 

benzene-sulphonic acid, CT r H 4 s . Another property of all 

* ’ X S0 3 1* 

these derivatives, such as aniline, is that they have a strong 
totfic action on the blood, forming methmmoglobin* The 
entrance of a second amino group into the benzene nucleus 
causes a great increase in the toxicity, all three^ phentylenc- 
diamincs, C (1 H, (Nil,),, being extremely j^Jisonous. 

While all the aromatic derivatives of ammonia and hydra- 
zine possess the property of lowering the temperature of the; 
body, alicyclic-tetrahydro-/3-naphthylamine, 

Oil CJI, 

IIG/\/\CfI— Nil, 

I C ! 

I 0 1 

iic\/\/c?i 3 

on cm, 

produces a marked rise in the body temperature, ami an increase 
in the album in- metabolism. Substances containing tertiary 
nitrogen are often only slightly toxic, and # are frequently with- 
out any effect at all. In many cases, if the tertiary nitrogen is 
changed into sccoifclary by reduction, powerfully active sub- 
stances are obtained. 

The change of compounds containing tertiary nitrogen into 
substances with a curare-like action on conversion into am- 
monium bases has been mentioned in the previous chapter, ancf 
will be eonsid erect again in connection with the alka Wife. ' 

Effect of the Cyanogen Radicle. -^-Hydrocyanic acid, H(JN, 
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is well known as an exceptionally strong poison, and this fact 
r is probably connected with its great chemical reactivity. The 
action of cyanogen is similar, hut dnly about one-fifth as power- 
ful. ^Jn general, the isocyanides (isonitriles) cause paralysis of 
the respiratory centrp, and the truef cyaiydes (nrtrilesfj produce 
ct>ma. In this respect, therefore, thj behaviour of hydrocyanic 
a&id resembles that of aftyspcyahide (KNG) rather tnan' that of 
a true cyanide (RON). Neither the nitriles nor {i\f, isopitriles, 
however, show theuintensfdy poisonous actioif of HGN, c this 
only becoming apparent when ilGN is again liberated by the 
organisnl The lower members of the series of $itt,y nitrile^ 
i GH 3 — GNVkI G.J1 r , — CN, are less poisonous /.han the higher 
members. Gyai\acetic acid, GN — G 1 — GOO II, is practically 
non-toxic. Cyanogen chlforide, GN — Cl, is very poisonous, as 
it. readily yields HGN. 

Pota’ssium sulphocyanide, KGNS, is weakly poisonous for 
warm-blooded animals, hut sodium nitroprusside, 

•p Na 2 Fe(CN) :) NO, 

causes death with the appearance of prussic acid poisoning. Tn 
; sodium forroeyanide, Na 4 Fe(GN), ; , neither the iron nor the GN 
group has any physiological action, and sodium platinicyanide 
- shows no poisonous effect, though the ordinary platinum salts 
are very poisonous. 

Effect Aldehyde Groups. — The physiological action of 
aldehydes appdars to he closely related to their chemical re- 
activity. Formaldehyde, II . G110, is very reactive, and has 
a strong irritant action on the mucous membranes, together 
with powerful antiseptic properties and a hardening action on 
the tissues. Acetaldehyde, CH ;{ . G1IO, shows the action of the 
aldehyde group combined with that of the methyl group, as it 
produces an excitation followed by anaesthesia. The action of 
its polymeride, paraldehyde, (G.,1I ,()).,, is* stronger and more 
continued, and that of the higher polymeride, metaldehyde, 
(C 2 II, 1 0)^, is more toxic. 

By the entrance of hydroxyl groups into the aldehyde mole- 
cule, and also by the condensation of these substances to form 
Aldols,/?ty reactivity of these bodies is appreciably depressed, 
aH(l so also is their physiological action. The sugars, for 
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example, are physiologically inert. Most of the aromatic alde- 
bydes # are of low toxicity, as they are readily oxidized to the.^ 
corresponding. acids, which*are usually very inert. It is only 
in the case 'of strongly irritant substances that ‘poi^ftnous 
propertidh apjteUr, owing tfyeir action pn the mucous mem- 
brane* 1 # • * / 

Efftct \e Kfctone^— -The Ifetones in general possess phar- 
macological ljroperties similitr to Those which characterize the 
corresponding lafcohols, i.e. they ljtv£ a *iarcotic action* In 
the case^of the aliphatic Ketdnes this isf fairly well marked, 
on accoimflVof the alkyl groups, and a hypnotic •action is 
also shown b^ tl^ mixed ketones, such as ae^fop^enone,, 
Q , ; H f) — CO — OIL, (hypnone). A large number of hypnotif 
substances of a more complex comAitution contain a ketonic 
grou]), usually together with an ethyl group. These will be 
discussed in the section dealing with the hypno^n&s. * 

* Effect of Acid Groups. — It has already been pointed out 
how the entrance of acid groups into the rnolecyle causes a 
marked decrease or a total cessation of tlu^jhysiological action. 
.Phenol, 0,11, — Oil, is poisonous, f but phenyl-sulphuric acid, 
tyijj — O — SO,, — Oil, is harmless. Morphine hys a very 
powerful physiological action and is very poisonous, but 
morphine-sulphuric acid is quite inactive. Tn both these cases 
the diminution of the physiological effect is accompanied by 
the disappearance of a free hydroxyl group, the hydrogen of 
which is replaced by the S0. 2 — OH group. Itfmight therefore 
be thought that this change is # due to the removal of the 
mchori(pg#grou p, but the entrance of acid groups has the same 
idleet in nian^ substances where it produces 110 diange in the 
anchoring or active group. For example, substances containing 
1 nitif) group are strongly poisonous, but the entrance of acid 
groups lowers or destroys th(f toxicity without altering the 


litro group. For*example, Martius yellow (dinitro-naphthol) 
s markedly toxic, but its sulphonic acid (naphthol yellow S) 
s harmless. Nitrobenzene, C, ; H r( — NO.,, is poisonous, but nitro- 
NO, 

lenzoic acid, C 6 II 4X , is harmless. It docS not matter 

* X COOH 

vhether the sulphonic acid ( group is united to cafboti or to 
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r /OH . 

oxygen, both C b H 5 — O—SO., — 0 H and C 0 H 4 ( being 

, . Nso a .off 

innopuous. * 1 

Th^ entrance of cavboxyl (COOI|) groups ii r.tp th^aromatic 
nucleus is of great importance J'roig thef point of view of the 
synthesis of drugs, as ijb generally loweifr the ^.ox.iq'fy so very 
() mu ch. Benzene itself cal ^e tolerated in doses delight grams 
per day, but from twelre io sixteen 1 grams of* benzoic acic[per 
day can be elimina^jd by the organism as hippurie- acid, and 
still larger quantities can be administered without toxic effects, 
the excess, being eliminated unchanged. 1 Aniline, which i& 

( more toxic than benzene itself, is rendered practically harmless 
by the entrance of a carbixyl group, meta-amino-benzoic acid, 
<^NH a 

1^1 * being well tolerated by the organism. 

coon 

On the other hand, physiological properties which have been 
lost by the entrance of acid groups can be restored if these 
groups are esterilied. For example, tyrosine, 

COOH 

no/ ->cir. ) ~cn / 

\ 

Nil, 

is not poisonous, but tjfie hydrochloride of its ethyl ester has been 
shown to be strongly poisonous when administered to dogs. 2 ' 

The addition ot acid radicles to active basic substances is 
of special importance lor the preparation of synthetic drugs. 
t This is especially the case with regard to the acetylation of the 
amino group. By this means, the basicity is weakened and 
the action of the substance retarded, as it is only after hydrolysis 
that the active basic portion oi the compound becomes free 
to exhibit its physiological effect. The acid group is usually 
physiologically inert, and the choice of the particular acid 
xoup to be used to combine with the amino group is governed 
*<?ule, a\v by the physical properties of the compound thus formed. 

■ftldols,^ * i Nencki, A. e. P . P., 30 (1892), 300. 
an(J SO also 2 Koku, Zeit. phyaial. Clmn ., 14 (1890), 189. 
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Lactyl . derivatives are, as a rule, more soluble than acetyl, 
and tfyese in their turn are more soluble than benzoyl, while j 
salicyl derivatives are usua% almost insoluble. Now, in most 
cases the speed of hydrolysis depends chiefly on the 'solubility 
and henle th Rapidity with, which a cfj’ug of this type acts 
depends i>n the aciofe group, but the nature of the action *is 
usually noK^atftcted thereby. • Usually, acetyl derivatives a^e 
the mpst casement, not onfy beetle they are the cheapest to 
prepare, but ako # because flie lactyl^leflvaiive is sometimes too 
rapidly hydrolysed, whilst the fcenzoyl derivatives are generally 
Jiydrolyzed*fco slowly that tliey are excreted largely unchanged, 
and therefore N^ithgut having exerted the desired^Tec|. The, 
only one of the previousfy mentioned acids t^at has a marked 
physiological action of its own is safloylic acid, but the salicyl 
derivatives of basic compounds are so insoluble that they 
usually escape from the organism almost entirely unchanged, 
and therefore are therapeutically useless. ^ 

The presence of the benzoyl group is of great importance in 
a large number of substances, especially income of the alkaloids. 
Ecgonine methyl-ester is without *any noteworthy action, but 
( its benzoyl derivative, cocaine, has a very important physio*, 
logical action, producing local anaesthesia and other powerful 
effects. These facts are discussed in another section, so need - 
not be enlarged upon at present. 

Effect of Unsaturated Linkages. — Unsatur^ted com- 
pounds are usually far more toxic tlvg-n thtf corresponding 
saturated ones^^ a fact which is in accordance with their 
greater cfcemical reactivity. For example, propyl alcohol, 
OIL — (III. --C1I., — Oil, is a narcotic, and causes intoxica- 
tion, but is not really poisonous, whereas allyl alcohol, 
CH 2 A CII--CIL — OH, has strong poisonous properties, but 
is without the narcotic action which is characteristic of the 
saturated alcohols.# Indeed, the unsaturated alcohols are dis- 
tinguished by their highly poisonous character. 

Safrole, 

• CII, 
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is far more poisonous than any other ethereal oil that has been 
experimented upon, and {he isomeric compound, iso-safrole, . 
OIL f * 

/ Vvcil -CII— CH, 

o'' f •*. ? 

\ /V ; , (I ; , 

. I c f . 

t is also poisonous, but not s&iongjy as safiol. M//tiihone is to 


CII 


UiA :i ( 

I ■ 


Lit, 


oh 

" /\ 
R,0 CO 

“I vl 
ILC OIL 


W) 

\ 

I LC 


in. 


' \/ 

\/ 

OH 

I 

OH 

1 

1 

CH 

1 

c 

t , // \ 

/ \ 

( 'H :| CH, 

CH,, (If 

Mcnthone. 

Carvone. 


r less toxic t than carvone, which differs from it only in contain- 
ing two unsaturated linkages, and acrolein, CTL — CII — CIIO, 
'and crotonic aldehyde, CH ;{ — CH — CH — CIIO, are far more 
toxic than the corresponding saturated compounds. % 

The influence of increasing unsaturation is well illustrated 
by the following’ series of compounds : — 1 


CH, 


CTL — CH., — OH 


OIL 
CH, — N 


\/ 

CII.— N 

' / \ 

CII, OH 

Cholinp (nlightly toxic) 

CII CH, 


CII, C=CII 
'•\/ 

CII,— N 


(Iff., OH 

Ncurine (Sory toxic), 

-methyl-ammonium hydroxide, e 
1 Schmidt, Annalen , £67 (1B0 *), 249. 


CH, Oil . 

Far tnuro toxic than neurine. 
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OH 

(CH 3 )=N^ 

\ 

, OH,--cn- r cn, 

a homologue'of neiyino, is exceptional In being only slightly 

* % Mw, ecular Weight, allomerism, e/c.— l’olym'er- 

• 01 ^ sh °- v % d,llerenk ^on Vo.it, that of the original sub- 
stance, tat up to the presenf nq regulariti <1 have been observed. 

Ibo dodo -increasing molecular weight in the series of the 
para hns anc\ the alcohols has already been refcrmUo. In the 
substituted urftis, tire narcotic effect increases witfthe Vurnber 
of carbon atoms in the branched sid* chain i,f the same way as 

. does .n the alcohols, and a similar effect is found in the case 
ol#lh(.» pinaconcs. 

. Tho fatty acids are generally innocuous. Oxalic acid” is 
poisonous, but the toxicity rapidly diminishes as the sdHes is 
ascended. In the case of the homologues of pyrkfine, the toxi- 

rvl-'r' U p'm ia,,ll1ly w,th increase "of molecular weight. 

> idme C,,U N, is the weakest in its action, and the intensity 

0 toxic etfect increases as the series is ascended through pi**’ 

? undine, and collidine, to parvoline, (!-HN(GH 3 ),, which 

" Jt tmU!S as stl ‘ 011 g in its action as pyridine. 

of stereo ! SOfk ' n i a '"T ^ ^ activity 

01 ueo-isomeridos. Isopilocarpine is probably ster?o-isomeric 

Tr r e ” Ut U “ physiological 

marie ?- 1 m ° a °1 18 f° XiC f0r d °h' s ' hufc i: « stereo- isomeridc, 
unnu 10 acid, is said to be harmless. 2 


H— 0 — COOH\ 

I! 

ft— 1 0— COOH I 



.1 ; To ' vett . J ■ c. S„ 87 (1905), 794. 

-Ishizuka, Bull, Cotl. Agr. Tokyo, 2 (1897), 484 
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Fp .iaric acid 


The difference ma however, be due. to the differeno degree 
of ionizat’mi, maleic acid being the more highly ioriz .d of the 
two. v, 

Tn the case of ( stereo-isomerides, which are optically active, 
marked differences in the physiological action are very often 
encountered. At this point it will suffice to mention briefly 
a tew ‘examples. Atropine (racemic hyoscyamine) differs in 
some respects from Zacro-hyoscyamine , 1 and laevo-n icotine is 
twice as poisonous as the de.rtro variety.- One of the most 
striking examples of this type is that of adrenaline, the natural 
laeuo form being about eleven or twelve times as active as the 
rj, extra* Optical isomerides sometimes show differences in 
taste or smell, r/o.Wro-asparagine, for example, being sweet, 
and Zttcro- asparagine tasteless . 4 

The change in physiological properties which accompanies 
jhe change from a plane to a spatial configuration in the case 
}f certain compounds of nitrogen, phosphorus, arsenic, and 
sulphur, is discussed in Chapters I. and VT. 

Differences arc often met with in the. physiologic ;' 1 action of 
Drtho, meta, f nd para compounds, and in some types of com- 
pounds regularities can be traced. It has been suggested that 
para compounds are more poisonous than ortho/' and ehis is 
}ften the case, hut in many compounds the reverse is true, 
Drtho nitro-benzaldohyde, for instance, being more toxic than 
para. Tn fact, although many differences have been noted 
between the physiological effects of isomeric benzene deriva- 


J Cushny, Journ. of Physiol., 30 (11)01), 190. 

- Mayor, Jur., 38 (1905), 597. 

;t Cushny, Journ. of Physiol., 38 (1908) 259. 

4 Piufcti, C. R., 103 (1880), m. 

ft Bakorny, Jouxn. prakt.*Ghem., 36 (1887), 272. 
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tives, no general regularities have Jbeen traced between the 
ortho* meta, and para compounds, and between the different* 
tri-spbstituted- derivatives. . 1 

this connection it is interesting tg note that saccharip, 

* § ‘/CON 


In 


which* is*an ortho cJJmpoJlndg 




NTI, is five hundred 


'\ / 

, d V ° 2 

tim^s sweeter than sugar, f while tbf corresponding para Com- 
pound is* tasteless. Some •ingenious theories have been ad- 
vanced tf^gcount for the Sweet taste of certain compounds, 
but they arc*npnc # <jf them very satisfactory an^Call for no^ 
detailed account. * ^ 

Closely related isomerides, othe. f than benzene position- 
isomerides, often show remarkable differences in their physio- 
logical action. Cocaine differs from its isomeride a - cocaine 
Jnly in having a ( . CO . OCII,) group and a ( . 0 . CO . C (i II r) ) 
^roup on adjacent carbon atoms, while in a-cgcaine those 
groups are on the same carbon atom. Nevertheless, a-cocaine 
s lacking the characteristic local Anaesthetic action of cocaine 
itself (Chapter VII.). 



CHAPTER LIT. 

■' id u 

TI^Vj chemical changes op drugs in the organism. 

t , 

Veky valuable information can oEen be obtained by a study 
of the cnanges which a substance undergoes ir Vne animal 
body. ,By V is means an insight into the mode of action of 
a drug can ofteiV be obtained, and a method of preparing and 
using a less toxic substance can often be devised, owing to the 
fa^t that the usual alteration of drugs by the metabolic pro- 
cesses in the organism is in the direction of the conversion of 
an active and poisonous drug into a less active and loss poison- 
ous one. This is usually accomplished by the production of 
bodies of a more acidic character than the original substance. 
In some cases this is brought about by a simple process of 
- oxidation, but more often a substance is formed, usually by 
oxidation but sometimes by reduction, which is then trans- 
formed into an inert salt of an acid by means of a synthetic 
process. The most important of these synthetic processes 
taking phv.ee in the organism are union with sulphuric acid, 
glycuronic acid or amino-acetic acid. Before considering these 
synthetic processes, attention must be given to the changes 
which precede them, by means of which substances are formed 
which arc capable of readily uniting with sulphuric acid, 
glycuronic acid, etc. 

The chemical processes taking place in the organism consist 
of hydrolytic cleavages (saponification of esters, etc.) in the 
alimentary canal, and more profound changes of oxidation, and 
sometimes reduction, in the tissues or blood. In the case of 
the changes taking place in the alimentary canal, it is found 
that the saliva acts on but few drugs, owing to the short time 
that they remain in contact with it, and the fact that only one 
enzyme— diastase — is present. The contrary is the case in the 
stomach, in which many drugs 'can be absorbed, and where 

36 
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unpleasant by-effects are often manifested. For this reason, a 
greattproportion of the wo^k in connection with the synthesis* 
of new drugs* consist in modifying previously exi^ting^ com- 
pounds so that they are rendered incapable of being absorbed 
or of exerting any ^ctionm the stomaclf. The gastric juices 
conlain hydrc^hlori^r and other acids, and also an enzyme, 
peps A, brf^jt is to their acid clvmicter that tlfeir action bn 
drugs* is mostlytdue. SaUs*of orJfeni<£ acids are generally de- 1 
compos*! into the free acid and I chloride of the base* but 
esters similar compoivids are, in tlie great majority of 
cases, undecfynposed by the gastric contents. 

In the smal^int&Stine, substances enter an allttflinc medium* , 
and come into contact with the pr^ncreatic Enzyme, trypsin. 
The latter lias a marked hydrolyzing action on esters, anilides, 
aryl similar bodies, and it is only those substances whiclWtrt 
hydrolyzed with great dilliculty by all ordinary reagents that 
escape hydrolysis in the intestine. After saponilication*in the 
intestine, the components are able to exert ^heir sjteeiiic action, 
and advantage is taken of this fact, in preparing derivatives the 
components of which would exert unpleasant by-effects on the 
stomach, but which remain undecomposed in that*organ, and 
are then hydrolyzed in the intestine, enabling the components 
to exert their desired effect. 

For example, salicylic acid and its salts often give rise to 
unpleasant symptoms in the stomach, but acetyl- salicylic acid 
is , comparatively inert and passes through the stomach un- 
changed. # In the intestine it is hydrolyzed # into sodium sali- 
cylate, which can then exert its useful action and sodium 
acetate, whicl# is inert. 


Mq^t aliphatic substances are oxidized to carbon dioxide,# 
water, and* urea, hut there are numerous exceptions. Many 
substances are oxidized to acids, but aldehydes are never 
formed by oxidatfcn in the body. On the contrary, alde- 
hydes are often reduced to the corresponding alcohol, chloral, 
CCl ;j . OHO, for example, being reduced to trichlorethyl alcohol, 
CC1 8 . OIL, . OH. 1 Many substances containing methyl groups 
are oxidized with dilliculty ; isopropyl alcohol is said to be 

# \ * 

1 Zeit. physiol. Chcm., 6 ( 1882 ), 410 ; Bcr., 15 ( 1882 ), 1010 ; PJlilqrr's 
Archw, 28 ( 1882 ), 506 ; 33 ( 1884 ), 221 . • 
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partly oxidized to acetore and partly excreted unchanged, 
f Acetone itself is oxidized with difficulty, methyl-ethyl-betone 
more readily, while diethyl-ketone 1 is almost completely oxid- 
ized. 1 Primary and secondary alcqhols are readily oxidized, 
but tertiary and all halogen-substituted alcohols 'are difficultly 
oxidized. Similarly, fatty acids are cofipletejy oxidiz'ed to 
carbon dioxid'o and water, ^but the chloro-substituje/ acilig ar*) 
not a^ all easily oxidized, fi f » t 

Aromatic compounds ai'e not so readily oxidized by 'the 
organism as the aliphatic compounds. In all but 3 few ex- 
ceptional cases, the aromatic nucleus remains uijfcnanged, the 
r 'process* of oxidation being confined, to thk siGe chains. In 
those substances v \vhich 0911 tain a side chain of three carbon 
atoms, the middle one of which bears an amino group, the 
Euk: 3 tance is completely oxidized. For example — 


phenylalanine, G.JIr, . GIF, — GH — GOOil 

I 

* ,. NH 2 

tyrosine, HO<(^/>Gil., . GIL— COOII, etc. 2 

I 

* ’ nil 


In dogs also, phthalic acid and phthalimide- 

/\GOOH /\CO x 
and I 

^COOII 


' 0 > 


are completely oxidized.^ Many aromatic compounds are oxid- 
ized in the organism by the entrance of a hydroxyl group in 
the para position to a previously present substituent group, but 
if the para position is already occupied, no hydr< 5 xylation takes 
» place in the animal body. For example, aniline is oxidized 

to para-aminophenol; 4 IIO\_ _)>] M 1 I 2 . Ortho compounds are far 

more readily oxidized than para or meta^ Aldehyde groups 
are oxidized to carboxyl groups, and in general a substance is 
usually oxidized to a carboxylic acid if this process takes place 


1 Schwarz, A. e. P. P., 40 (1838), 178. 
y 2 Zeit. physiol. Ghent., 7 (1882), 23; 8 (1883), 03, 05; 10 (1880), 130; 
LI (18874, 485; 14 (1800), 189. 

Zeit. physiol Chcm., 13 (1889), 20; Mosso, A. e. P. P 26 

(1890), 207. 

^^chmledeborg, A. e. P. J\, 3 (1878), 1. 



CHEMICAL CHANGES OE DRUGS IN THE ORGANISM 39 

at all readily. Toluene, for example, gives benzoic acid, but 
benzole, on the other hand, is oxidized to phenol. 1 The fate of # 
phepol and similar substamfcs in the organism will* be discussed 
later. H * 

Reduction Af a substance ip the organism sometimes takes 
place, "althoug^ it is a^nuch'mote unusual process than oxidation, 
^n interesting example is furnished by chloraj, CC1 3 . CHO, 
which is reduced by the Argan^ft to trichlolethyl alcohol, ' 
GC*1 ;{ . CJI., . OH, 2 a reduction whiJh 5an only be carried out 
with ex^emo dilliculty in ifh e ‘laboratory.^ Quinone is reduced 
to hydroljhjtione. Reduction of a nitro group to^an amino 
group is exceptional, nitrobenzene, for instancy nc\\*r being 
reduced to aniline, but this type of actio ’/ sometimes does 
occur. For example, both meta- and para-nitro-benzaldehydes 
undergo reduction of the nitro group, accompanied by oxidation 
of the aldehyd e group, the product finally formed by tlicf organ- 
ism being the acetyl derivative of the corresponding # amino 
acid — 2 • 

.NO., /Nil, •* /Nil. CO. Cl I, 

(V,U/ ‘ -> 

n cho mjooh x coqii 

Another interesting example of this type of change is furnished 
by ortho-nitrophenyl-propiolie acid, which is transformed b/ 
the organism into indoxyl, this being excreted as potassium-* 
indoxyl-sulphate — 

NO, NJI Nil 

Q . _> 0, ji ,/\ c-cooa ^ (J.;II 4 0 ch 

Vx CrrC- coon 0 c 

\.)II \)I] 

Indoxyl. 

Picric acid is partially reduced to dinitro-amino-phenol. 

C i; Il,(N(3,)..OH -> CJI,(N0,),N1J, . Oil A 

The final stage in the transformation of drugs into inert 

1 Di&ois Arch. (1S67), 310; Pjliiger's Archiv , 12 (1870), 118* 

“ Zeit. 'physiol. Client., 6 (1882), 140; lier., 15 (1882), 1010; Pflii^s • 
Archiv, 28 (1882), 500 ; 33 (1884), 221. , 

:, H. Go\m, Zeitfyhysiol. Cham., 17 (1896), 285; 18(1804), V'il. 

4 Hoppe-Seylov, Zeil. physiol. Chain., 7 (4882), 178. 

Walko, A. e. P. P., 46 (1004), 1B1. • 
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substances consists in the # formation of acidic substances from 
,the products of oxidation, reduction, etc., by means <j^f thfe 
previously mentioned syntheses wilfn sulphuric acid, glycur.onic 
a^id, etc. Other synthetic processes sometimes met with are 
the formation of urea*derivativcSfand sulphocyanfdes, and more 
rarely, the introduction of acetjd or methyl gtjpups, add the 
production of •cystine derivatives. Usually no singly syrAheti^ 

* process takes place to the'/cclusitm, of all others, but, o'n the 
contrary, a substanap A lAmally excreted in more t*han one 
way, for example, as a glycuronic $cid derivative, anj 1 also as 
a sulphonTc ester. * * 

- Sulphoni^'Usters. — The sulphuric, acid* required for these 
syntheses may beVormed by the oxidation of albuminous bodies 
containing sulphur. It has already been pointed out Unit 
ph( 4 polic substances are often formed by the oxidation of 
aromatic compounds, and most of these phenolic compounds, 
are excreted primarily combined with sulphuric acid as alkali 
salts, and secondarily combined with glycuronic acid. Phenol 
itself is found in this urine as the sodium salt of plieuyl- 
sulphuric acid, C,dL . 0 . SO., . ONa, a perfectly non-toxic sub- 
stance. Similar syntheses take place with other hydroxyl * 
derivatives, but if these themselves are non-toxic, they are 
.excreted unchanged without undergoing a synthesis with sul- 
phuric or glycuronic acids. For example, homogentisinic acid, 

/NOIL 1 000 II . 

* , \yneh is non-toxic, is eliminated un- 

HoUoil • 


c ... -I'UAJll 

changed, hut the corresponding gentisinic acid, ; > 

* 1 nn IK) Jon 

which is toxic, is eliminated partly as the non-toxic sulphuric 
ttcid derivative. 1 The entrance of acid groups into phenols, 
with the corresponding loss of toxicity, destroys the property 
of combining with sulphuric or glycuronic* acids, as in the 
case of salicylic acid, which is eliminated in combination 
with amino-acetic acid in the same way as benzoic acid (be. it 
forms a cofnpound analogous to hippuric acid).~ Loss <§f acid 
chiracter cauSes this property of combining with sulphuric 


j junkhatschcfT, Ze.it. physiol. Che?n. t 21 (lB'JG), 422. 
‘ 2 Seo this chapter, Iasi section. 
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acid to reappear, and methyl salicylate, 


salicyl amide, 


■CO . 

'on 


Nil, 


/\cooch 3 

Ugh 


and 


are found in tjie urine as sulphuriy 


acid derivative^. 1 Ir’-roduetiop of more hydroxyl groups*al$o 
causey this property to reappear, as in the case of ' gentisinic 
a<Sd,'and a*so protocatechu h; and >iuillic acids f hut veratric 

•HO^COOH Cl 1,0 .00**1 * oh,o/ncooii! 


ff 


Protocatec^uije acid. 

A 


X SN 

IK 

Vanillic acid. 




vu,o\ 

Veratric acid. 

acid, which co!tuain?s*no face hydroxyl, docs no^wfflte with sul- * 
phuric acid. Aromatic ketones are usually oxidized to acids, 
but if they contain a hydroxyl group the formation of esters 
wiUi sulphuric or glycuronic acids takes place, to the excl^LiiiMi • 
oi the oxidation of the ketone to the corresponding acid. For 
example, acetophenone, C (1 TT 5 . CO . CIT 3 , is oxidized to benzoic 
acid,- but paeonol, gallacetophenone, and r^sacetophenone are 


Oil 

/ CO .OIL 




no* 


,co . CIl ;i 

•oh 

on 


, / \co . ch 3 


lioijoil 


Paeonol. GallacoLojihenone. Kesacetophonone. 

found in the urine as sulphuric and glycuronic acid deriv- 
atives/ 5 • • 

Glycuronic Acid Derivatives. —This acid, which has the 
constitution C1I0 — '(Oil . OII) 4 — COOIT, is ol*great interest, as 
a very large number of poisonous substances are*found in the 
urine as derivatives of it. It seems likely that in the first in- 
stauce # combi nation takes place between the drug and glucose, 
the — CILOTl group of which is then oxidized to COOH, with 
the formation of glycuronic acid. In the case of aliphatic 
compounds, the resulting compounds are formed with elimina- 
tion of water, and are probably analogous in structure to the 
simple gfucosides. 

For example, chloral is reduced to t rich lor ethyl alcohol* - 

1 Baumann and Hortcr, Zcil. physiol. Chi’m., 1 (1878), 

B Nuncki, r fourn. prnkt. Cht tn ., i.8 (1878), 288. 

Ubul, Ber ., 27 (L8‘J-1), 2787. 
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which then combines w f ith glycuronic acid in the following 


manner : — 

CQOII . 

ip . on 
Ah . on 

dxi.OH 

in. 


oocJh 


eg . on 


CC1 3 -> OH . OH 

7 




on— cno on 


+ GIL/' on . oh on 

, f I, / * 

1 c'n.fon— on— o— ch— co!., 

coon ; ** 

I . ■ ' 

on . on 


I 

CH . 

I 

GIT . on 


0 


on . on — o — o — cii. — col., 

in the case of soi^ie aromatic compounds, combination can 
Dccur without the elimination of water. For example, it has 
been sho^n that vanillin is oxidized to vanillic acid, which 
jhen combines with glycuronic acid — 1 
COOH OH COOII 


(CH . GII) 4 + C g H 3 — OCH a 

i % <\ „ 

Clio COOH 


(C1I . OH)., 

I /Oil 

\0-~CJI / 


CHC 


COOH 

OCH, 


Thymol and carbostyril have been shown to behai.e in a 
similar manner. • * 

Derivatives of Amino-Acetic Acid.— Combination between 
glycine, NH., . CH, . COOH, and benzoic acid takes place in the 
kidney, with formation of hippuric acid — ' l 

COOII COOH *4-11,0 

t I * I 

11,0 — NIL, + HO . CO . CA = IHC-^NH-CO . C fl H s 

0 

Kotake, Zeit. physiol. Chcm., 45 (190 *), 320. 

- Boucis and Ure, Berzelius' Jahresb., 22 (1343), 5G7. 
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This synthesis is of great importance, as so many compounds 
are oxidized in the body to benzoic acid, and it is also typical 
of a large number of precisely similar syntheses undergone by 
other carboxylic acids, sujdi as salicylic acid, para-hydroxyr 
benzoic acid, Ahloro-, nitro-, ajid bromo-henzoic acids, anisic 
acid, naphthoic acid, and many others. 

^tjftr synthetic processes that may be mentioned are the 
formation of the* less toxic 1 sulpftffcyanides from the Joxic 
nitnles, l «the transformation of py if dine into methyl pyfidyl 

ammonium hydroxide," 

^ ; 

• CH 

HCV'CII 
N 

and the introduction of an acetyl group into a compound, as 
in the previously mentioned case of meta-nitro-bdnzaldehyde, 
which is transformed into meta-acetyl-amTno-benzoic acid. 

1 A. e. 1\ 34 (1891), 217, 281. 

• ,J Ilis, A. e. 1\ l\ , 22 (1887), 253 ; it. Cohn, Zeit. physiol Chcm., 18 (1894), # 
112 . 


CH 

nef^ay^ 
il(\ Jen 

N 

ch 3 /\oh 
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NARCOTICS AND* GENERAL AN /ESTIiET T C S5 

f ,, 

GenekMj Theories of the Action of Nahcq' I'^DllUGS. 

Ur to withi% 7 *;uite recent times, the only 'narcotics in use were 
the various preparations! of opium, and all of these suffered 
from the great drawback of being dangerous in the doses that 
' witj’e^ necessary to produce certain sleep, and of sometimes 
causing unpleasant by-effects. The discovery of many syn- 
thetic substances having a powerful narcotic action, and almost 
free from the dangers and other dm whacks of preparations 
containing morphine, is one of the great triumphs of the 
application of synthetic chemistry to pharmacology. 

Still more important are those substances which are used 
as general anaesthetics. These compounds do not differ funda- 
mentally from the other narcotics in their physiological action 
or chemical constitution, but they arc usually volatile substances 
which ar<? administered by inhalation, so that their effect can 
be rapidly produced, and the duration easily regulated. On 
the other hand, for use as a narcotic it is more convenient to 
employ non-volatile substances capable of offering resistance to 
oxidation by ihe organism, and which are therefore slower and 
more prolonged in their action. 

The aliphatic hydrocarbons possess narcotic properties, and 
these are increased by the introduction of an hydroxyl group 
to form alcohols. The introduction of more hydroxyl groups, 
as in glycerol, causes the narcotic action to disappear, the 
hydroxyl merely playing the part of an “anchoring” group. 
JJn the other hand, the narcotic action of many different 
substances is associated with the presence of alkyl groups, 
‘especially* ethyl groups. It therefore appears that in the 
al&ehols, the alkyl group, ‘and not the hydroxyl group, is the 
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• 

active portion of the molecule. Replacement of hydrogen 
■ atoms ^irf a hydrocarbon by halogen, a*nd especially by chlorine, 
also greatly increases the narcotic action of the substance, and 
in these cases the chlorine actually seems to play an important 
part in tho aafcion of the Substance, because unlike the case 
of the alcoholslthe strength* of the action tends to increase with 
an ingreas| in the number of chlorine atoms in the compound. 
Tfiis' narcotic property is cfyiract<-r Jdic only of* the aliphatic 
halagen compounds; in the case of Aha halogen derivatives of 
benzene jt is absent. » * 

The infif^pjion general amesthetios comprise, therd’ore, two 
groups, those whjcji the action is associated withJhe presence 
t)f halogen in aliphatic combination, and thosyui which it is 
associated only with the presence of alltyl groups. The narcotics 
like, wise include substances of these, types, and also many com- 
joounds, the narcotic action of which seems to be con. looted 
with the presence of the carbonyl group ( — CO — ) in the 
molecule, and in some cases with the presence of a.ring system 
containing basic nitrogen. • • 

The foregoing statements will show that the anaesthetics 
# and narcotics comprise a number of substances, wthich, from, 
the chemical point of view, have really very little in common. 
Attempts have therefore been made to find a relation between 
some of the physical properties of these substances, and as a 
result, some interesting facts have been brought to lj^ht, which 
tend to show that in many cases there is a c^ose parallelism 
between the hypnotic action and certain physical properties of 
the substance. Not only is this the case, l*ut these physical 
theories of narcosis are superior to any purely chemical theory 
that can be devised, in that they throw some light on the mode 
of aefion of^the hypnotic substances. 

This is well illustrated by the work of Overton , 1 and tho 
suggestive theory that lias been put forward by Hans Meyer . 2 

It has been shown by Overton that substances may ho 
divided into different groups according to the rapidity with 
which they diffuse into protoplasm, the rate of diffusion as a 
general rule depending on tho solubility of the substances fci* 

1 “ Studien iiber Narkose,” Jena, 1001. 

2 Hans Meyer, A. e. P. P 42 (1901), 10^; and 42 (1 ( J0L), 110 (Baum> 
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fat, lecithin, and “ lipoid ” substances of that type. If S/ denotes 
the solubility of a substance in fat, and S w that of the same • 

substance in water, then the ratio^ is called the distribution 

* b,£, 

coefficient of the su&stanco, and According tQ Overton, the 
value of this coefficient determines the velocity of diffusion 
into the cell protoplasm. Now, it was pointed'out by Overton 
and Meyer that amnsthelfic^; and f narcotics fjre generally sA- 
stanj;es which diffuse yap^ily, and therefore these compounds 
should possess a high distribution coefficient. Meyer compared 
the aliphatic narcotics, and found that the narqpttf!!^ power of 
these was roughly pro))ortional to the mn^gnity.Ae of the dis- 
tribution coeliiV’ent. This fact is ‘'sometimes expressed by 
saying that the strength if the narcotic action of a compound 
is dependent on its solubility in lipoid substance. This is not 
’stiTerfy true, as it depends not so much on its actual solubility 
in the lipoid substance as upon the ratio of its solubility in 
lipoids to tl\at of its solubility in water. 


i 

^3 

•2 a 


* Substance. 

a 5 
£ H 

V £ 
w o 

S * 

Narcotic Action. 

1 

i 

■ ■ ■ - - ■ ■ 




Dimethyl-sulphone-dimethyl-methano 1 


0*10(1 

Very slight. 

Diothyl-sulphone-methano 2 . 


0*151 

Slight, 

Sulphonal . * . . 

0*006 

1*115 

Marked. 

Trional +. 

O'OOLR 

4*40 

More marked. 

Totronal 

0-0013 | 

4*04 


Butyl-chloral-hydnfue .... 

0*002 j 

1 *50 

« 

Bromal-hydrato 

0*002 j 

0*66 


Chloral-hydrata 

0*02 

0*22 * 

,, 

Ethyl-urethane 

0*01 | 

0*14 

,, 

Methyl-urethane 

0*4 | 

0*04 

•a 

Monaeetin 

0*5 | 

0*116 

• ” 

Diacotin 

0*015 

0*23 


Triacctin 

0*010 j 

0*30 

« 

” 


Meyer compared the narcotic power of these substances by 
finding frhe smallest concentration which would produce a 
/^finite physiological effect, and expressed the values as fractions 
of the*normal solution (one gram mol. litre)*calling those the 

t 


(CH 3 )„C(SO., . CH ;{ ) 2< 


9 CH,(SO, . C. JIrJ.,. 
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“liminal values.” These “liminal values” can be taken as 
.being approximately inversely proportional to the strength of 
the na?cotic action. On comparing them with the distribu- 
tion coefficient, it is found that they vary in tho ‘opposite 
direction, being^ small when yhe distribution coefficient is large, 
and th^se resu^s therefore ’indicate that the strength of the 
narcotic action jof these substances is approximately propor- 
tional* to the distribution coefficient. ^ * 

Ii^ the preceding table the substa/Jbe^are arranged together 
in accordance with their chetjhail nature, but in order to show 
the close phi'll ('ll srn of the narcotic effect and the distribution 
coefficient, it i^vorth while arranging them in order of magni- 
tude. ’ . -r 


Dislrihution- 

foylliciHiit. 


Trional 
Tetronal . 
Bulyl-chloral-hydrat 
Sul phonal 
Broiual-Uydratc 
Triacctiu . 
t Diaootin . 

Chloral-hydrato 
j Ethyl-urothaun 
Mon ace tin 
Methyl-urothano 


The substances are here given in order of decreasing dis- 
tribution-coefficient, and it will be* seen that with two slight 
exceptions, the liminal values ol the substances, given in the 
same order, steadily increase. This result is of g#eat interest, 
especially as the substances tabulated above represent many 
widel ^different chemical types. In the case of the sulphone 
derivatives, a high distribution-coefficient* seems to he con- 
nected with the presence of ethyl groups, and it had already 


been pointed out by Baumann and Kast that the narcotic 
properties of these compounds depended on the ethyl groups. 
This wilfr be referred to in greater detail in connection with 

a * "i 

these compounds. M 

Not only is the dheory of Overton and Meyer well supported 
by the close parallelism shown above, but numerous subsidiary 
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facts appear to give it additional support. One of these is an 
observation by Mansfelfi 1 that some narcotics have a more 
powerful action when given to sAafvod animals, the explana- 
tion 'suggested bcin" that in these there is less tissue-fat to 
absorb some of the narcotic, so that a greater portion of the 
lattSr is absorbed by the central-nervous system. N<a doubt, 
however, kn alternative explanation could be tiered. • 

i 1 * % 

There are nevertheless^ good /nan y facts appearing to’ slfow 
thaf this theory is ineoiAplete and needs some modification, 
before it can be applied to alfc cases. For example, the peri- 
pheral serves contain a large amount of “ lipoid/^substance, 
but they arejnuch less affected by the alip]iati</Aiarcotics. 

If has alsft^een pointed out by (Jushny - that many aro- 
matic compounds have a' high distribution-coefficient, but are 
without narcotic action. A possible explanation of these facts 
is’&ftggested by the views of Traube, according to which It is 
the osmotic permeability of a substance which is of primary 
importance in determining its narcotic action. In support of 
this view, it is painted out that pyridine, nicotine, and anti- 
pyrine rapidly penetrate tin*, membranes, although their dis- 
, tribution-eoeflicients are less than unity. Traube considers that 
surface tension is the force producing osmosis, and he therefore 
concludes that surface tension and narcotic power should run 
parallel. This was found to be the case with a large number 
of narcotics of varied types. It certainly seems reasonable 
to suppose that rapal penetration of the cells should be the 
most essential condition for enabling a substance to exert its 
effect on the interior of those cells. When the sdnstance has 
once gained* an entrance into the cell, its solubility in the cell 
“lipoids” may be an important factor in determining its nar- 
cotic power. The theories of Traube and Overton-Me^er are 
therefore not altogether antagonistic, and both of them are 
probably concerned with important facts underlying the mode 
of action of hypnotic substances. 

Moore and Koaf :i have studied the solubilities of chloroform 

1 1 ST&usic\d, t CentralbL filr Physiol ., 20 (1906), GG4. 

3 “ Text-book of Pharmacology,” p. 128. 1904, 

3 Moore and Roaf, Proc. Roy . Soc. y 73 (1904), 3f$2; Proc. Roy. Soc. B.. 
77 (1906), 86. 
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and certain other anaesthetics in solutions of blood serum and 
haemoglobin, and have found them to be considerably higher , 
than in ordinary saline solution or in pure water. The curves 
connecting the vapour-pressure and concentration of chloroform 
in serum or haemoglobin solutions do not correspond t(\ the 
norma* behaviour of a simple* solution, but show evidence of 
association # between the solvent and the dissolved substance. 
Moore and Boaf therefore ccjisider^lhat anaesthetics forn^ un- 
stable couipounds or aggregates witi? tlte proteins of the tissue 
cells, whjph exis,t only so lojpg'as the partial pressure of the 
anaesthetic |m»the blood is maintained, and that amesthesia is 
due to a paralysis cl ,*tho chemical activities of tjj^ protoplasm 
as a result of the formation of such aggregations. The curves 
obtained do not point to the formation of definite chemical 
compounds, but are more of the nature of adsorption curves.* 

The action of certain substances, such as alcohol, cannot be 
explained by the foregoing theories. Alcohol is miscibler with 
water in all proportions, and is only slightly soluble in fats, 
but this need occasion no surprise when^t* is borne in mind, 
that alcohol does not really belong to the same class of sub- 
stances as sulphonal and inert bodies of that type, as it exerts ' 
some action on proteins and is oxidized in tin; body. The 
action of alcohol is, therefore, probably specific, and of a dif- 
ferent kind from that of sulphonal, etc. 

A theory, according to which narcosis is due to deprivation 
of oxygen, has been suggested by^Baglioni. 1 Lt is based on 
the fact that in the case of various aromatic, compounds, the 
paralysing action of the substance is inversely proportional to 
the amount of oxygen already in the side chain, ^and that de- 
privation of oxygen by breathing inert gases, such as carbon 
dioxid* produces symptoms not unlike those of chloroform 
narcosis. In support of this view, it might be pointed out that 
Herter has shown that chloroform, ether, and chloral-hydrate 
diminish the oxidizing capacity of the tissues. This hypothesis 
indicates a possible mode of action of the narcotics afj}er they 
have on£e entered the cell, the preceding theories indicating 
the conditions which determine their entrance into th*j cell 
substance. * 

1 Baglioni, Zeitsckr. allg, Thysiolcgie, 3 (11)03), 313. 

4 
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Halogen Anesthetics and Hypnotics. 

The most widely used compound of* this type is chlofoform, 
which shares with ether the distinction of being the "most 
widely used anesthetic. The deaths that occasionally take 
place when chloroform is used* mft*y in some ibises be,, due to 
decomposition products such as phosgene, but tit was formerly 
thought that ‘•these were hnpuriti.es present in the chloroform 
to start with, and hence '^methods were devised to purify, the 
chloroform very carefully when it was manufactured. Pictet 
did this "by freezing it and centrifuging away the liquid. Very 
pure chloroform was prepared by Anschutz by typing advantage 
of the intereS^hig fact that salicylfde (obtained by treating 
salicylic acid with POGl^in a neutral solution) forms a crystal- 
line compound with chloroform, giving it up on distillation — 


<1 + 20 II CL ( OJl/ 


(CIIGlA,. 


It has been found, however, that pure chloroform is rapidly 
decomposed by air and moisture, and this decomposition is best 
hindered by the addition of about ‘2 per cent, of ethyl alcohol! 
Oil of turpentine, thymol, and other substances may also be 
used for this purpose. 

Its anesthetic action appears to be rendered more certain 
by the adUitiop of a small quantity of ethyl chloride. Ethyl 
chloride and ethyl bromide , have sometimes been used as an- 
aesthetics, and admixture of these substances with t chloroform 
has been used, under the name of Somnojorm, but does not 
possess any special advantage. * 

The narcotic action of chloroform is closely connected with 
the amount of chlorine it contains, the entrance! of chlorine 
into the molecule of many aliphatic compounds conferring 
narcotic properties upon the substances sd formed. This fact 
is illustrated by the following series of compounds : 


cil 4 Methane Without narcotic effect. 

GH.jCl* Methyl-chloride Weak ,, ,, 

*GH 2 C1 3 Methylene-di chloride Stronger narcotic action. 

CliGL Chloroform Strong ,, ,, 

CC1 4 Carbon-totra* chloride „ ,, „ 
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In this? series the intensity and the* persistence of the action 
increiise with the amount gf chlorine. A similar connection * 
can *be traced* in the derivatives of aldehyde, acetaldgdyde, 
OIL, . OHO, having a slight narcotic actioTi and trichloraldehyde 
(chloral), CCl a t CHO, a vei^ strong one. % 

Although carbon tetrachloride appears to have a stronger 
n^’cifoic action than chloroform, it has no advantage over it. 
but on the contrary seems to*be to^oxic for safe use. Its usr 
by barbers to cleanse the hair has led to accidents, at leas! one 
fatal cas* having been recoiled. On the other hanc^ some ol 
the other nS|jrbers of this series have been suggested as sub- 
stitutes for chlorofoPrn ; mpthylene dichloride, O^Ok, has beer 
recommended, as it produces less vomiting, and methyl-chloro- 
form, C1I ;{ . COL, is said to be less dangerous. 

The bromine substitution products of the lower hy'Vo- 
carbons also have narcotic properties. Hromoform, (OHBiv,) 
is sedative, and has been used to suppress attacks of whopping 
cough. Ethyl bromide, (OoH r) Br), has also been used for pro- 
ducing short slight amesthesia ; it is a lfetter amesthetic and 
is far less toxic than ethylene-dibromide, the halogen esters 
^of monacid alcohols being generally better amesthetics and safei 
than the corresponding esters of diacid alcohols. 

Ethyl chloride is used as a general amesthetic and also at 
a local one, the latter by spraying it on to the surface to be 
operated upon. Its use in this case ha^ nothing fo do witl: 
the presence of chlorine in the molecule, but is due simply tc 
its low boiling-point, the rapid vaporization producing so greal 
a cooling as to cause anaesthesia. Bther is often used in tht 
same way, and*methyl-ethyl ether, OJl ;{ — O — 0„ft ri , which has 
a very # low boiling-point, would bo very useful for this purpose 
as also would be the lower paraflins. • 

The volatile general anaesthetics are too transient in theii 
action to be used as hypnotics for continued action, but never- 
theless, a compound closely related to chloroform has proved 
very useful for the latter purpose. It was known that* chlorui 
hydrate , (0CJ a 01I(OH).,), is hydrolyzed by alkalies, gK'inp 
chloroform and altyiline formate, and thinking that a sfmilai 
action might take place in the body, Liebreich suggested its 
use as an hypnotic. It was found to* possess strong hvrmotic 
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properties, but Mering 1 showed that it does not form. chloro- 
form in the body, being reduced to trichlorethyl alcohol instead, 

a 

' ' OCl 3 . CHO -> CCJ1 3 . CHjj . OH. • 

It' has been suggested that the “action of the halogen nar- 
cotics is due to the liberation of free halogen in the “body, 2 
but there arp several facts not in harmony with, this* yiew. 
One of the chief of th(»p is that after administering some 
of tliese substances, tfie amount of alkaline chlorides in the 
urine is not increased. For example, after taking chloroform, 
the amount of chloride is increased, but not- vCfter taking 
chloral-hydra^v carbon tetrachloridq, and diclnoracetic ester, 
Cl a CH — COOCjlfl, all of which have an hypnotic action. 3 On 
the other hand, trichloracetic acid splits off chlorine in the 
body, and has no hypnotic action. 

Although chloral hydrate was the first artificial hypnotic 
to cdhie into general use, it suffers from many drawbacks. 
Thus, it cannot be injected subcutaneously like morphine, and 
it has a harmful by-effect on the heart. These drawbacks 
cannot be got rid of, but attempts have been made to prepare 
derivatives in which the unpleasant taste and burning feeling 
in the stomach produced by chloral-hydrate should be absent. 
All these preparations depend for their use upon the regenera- 
tion of chloral itself, as it is found that those which are more 
stable ha^e no hypnotic action, and therefore all of them must 
possess the injurious by-effects of chloral itself. For this 
reason these derivatives of chloral are at a disadvantage com- 
pared with the hypnotics of other classes, and they owe their 
origin rather to the cheapness of chloral and to the fact that 
it was the first synthetic hypnotic to be brought into use. 

Most of these chloral derivatives depend for their produc- 
tion on the reactivity of the aldehyde group in chloral. Conden- 
sation products of chloral with oximes nave been prepared, 
but they have not come into practical use. Their formation is 
in accordance with the general equation — 1 

] Zeit. physiol. Cham., 6 (1882), 480. 

I’inz, A. c. P. P., 6 (1882), 810. 

r! Kttsfc, Zeit. physiol. Chem ., 11 (1887), 280. 

4 1). R. P., 00*877. 
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H 

/ 

CC1 3 . CHO 4-. X -JSfOH « CCl^ — C — OH 

\ . • 
0_N_X 

Examples ftre — ♦ 

* H # 

/ 

, CCl..— C-0-OII i GIG 

\ V. 

O # N G 

* \ 

CII. 

^ 0 ( • 

from acetoxime, and similar compounds from 1 iTroso-napbthol, 
benzaldoxime, camphor-oxime, etc. * Other derivatives include 
those in which the aldehyde group has been combined with 
• OH 

1 

basic radicles, c.<j. chloral-ammonia, CC1 ;1 — CII — NH.,, ehloral- 
imide, CGI a — Cir-.-NTI, etc. 

Ghloral-formamide, CC1 3 — CII — NJI-— fcllO, known as 

, OH 

Chloral amide, is used as a mild hypnotic and sedative. 

Other compounds have been prepared by combining the alde- 
hyde group in different condensations with sugars, but these are 
not now used in medicine. 

DormioL is a condensation product of ’chloral with the hyp- 
notic substance, tertiary amyl alcohol — 

CII, II CTI a 

• / I * / 

CCL — CIIO + 110— C -GH, - CCL— 0-0— C— GH, 

. \ 1 \ 

* GJI, • Oil C.,H, 

It is a liquid with* a burning taste and is insoluble in water. 
It is as poisonous as chloral, and closely resembles it in its 
action. 

A tasteless solid polymeride of chloral, which possesses strong 
narcotic properties, has been obtained by the action of aluminium 
chloride on chloral. Other tasteless compounds Jjave been, 
obtained by combining chloral with orthoform and “new ortho-^ 
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form ” (see Chapter VII.). Ilypnal is formed by the condensa- 
tion of chloral with antipjrine, but this compound, as well as 
f many others of the same type, has co advantage over a mixture 
of thefr components, as they readily split into these, and hence 
act in the same way as the mixture. The only advantage 
whicfi can sometimes be claimeiH’or them is that the unpleasant 
taste of free chloral is masked. • 

• : ' ,V T 1 

Ch lor al-nr ethane, CCl., — CII , was first 

\ ti . 


1 Nil— COOCJI, v * 

•prepared to cqjpbine the hypnotic action of* chl<ffal with that 
of urethane. An ethylated derivative of this is soluble in 
water, and lias been given the name of Somnal. 

]}utyl’Clilora.l, G01. r CTI, — CHO, has a stronger hypnotic 
action than chloral, but its effect disappears more rapidly, 
and its irritant action on the stomach is stronger than that 
of chloral. • Trirjemin is a compound of butyl-chloral hydrate 
and pyramidon (see ( Chapter V.). 

Acetone-chloroform (tertiary-trichlor-butyl alcohol), dis- 
covered by Willgerodt 1 in 1886, has been introduced into * 
medicine under the name of Ch lore tone, it is prepared by 
% adding potash to a mixture of chloroform and acetone, and 
is a white crystalline solid, melting at 96-97° C. 


CII, Oil 

(CIi,),C0 4 + CUCl, - )C< 

CH/ \cci a 

It has a great advantage over chloral in having no irritant 

action on the* stomach. On the contrary, it l^ts a sedative 

as well as an anaesthetic action, and very favourable results 
1 . . c 

have attended its use in sea-sickness, vomiting, chorea, etc. It 

is the chief ingredient in the proprietary medicine known as 

“ Zotos.” It also possesses antiseptic powers, for the sake of 

which it has been occasionally used, and it has sometimes 

found employment as a local anaesthetic for the mucous 

membrane of the larynx. 

The /jorrosponding bromine compound, CBr., . C(CH 3 ) 2 . OH, 
is known as Brometone, and is also used as a sedative. 

' 1 Ben, 19 (1886), 2455. 
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Bromal hydrate, CJ 3 r 3 . CH(OH) 2 , is of no use as an hypnotic, 
but in large doses it has an anaesthetic action. The corre- 
sponding iodine compound, QT 3 . CH(OH) 2 , is toxic, and affect? 
the muscles and nerve-endings, but has only a slight action on 
the higher centres, and therefore has practically no hypnotic 
action.# # * * 

Tn general, ^he aromatic halogen compounds have 4c 
hyjffltftic action, ^ut trihromosalol (Cor dal) appears to he an 
exception, as it is said to he a good 1 yp^otic. * 

On the other hand, a lar^e* number of aliphatic hromine 
compounds# {have been brought into use as mild hyprnftics and 
nervous sedl^Ves. # These are mostly derivatives of urea 01 
of borneol or valerianic afcid, and probably ow^ *their sedative 
action partly to the presence of the bromine atom, and parti} 
to the organic radicle present. They are described and enu- 
meTated in Chapter XI T. in the section dealing with bromine 
compounds (pp. 187 -IH‘J). 

• 

Hypnotics, thk Action ok which is CJgnIs'jsctei) with tup 
Piiesence oe Alkyl G nouns. 

• 

In a large number of compounds the presence of an ethy 
group seems to confer upon the substance the power of enter 
ing into a close connection with the nervous system. In the 
case of ethyl alcohol, an excessively large dose is required tc 
produce sleep, but a number of compounds have been dis- 
covered which have a hypnotic action in much smaller doses, 
although their action appears to be due chieffy to the presence 
of ethyl groups. This difference in their behaviour is probabl) 
accounted for !>y the fact that alcohol is largely oxidized b} 
the tilkues, and so only a small fraction of it cau produce ar 
hypnotic effect, while these other compounds offer a certaii 
amount of resistance to oxidation, and therefore can exert a 
more powerful hypnotic action. 

Methyl alcohol has no narcotic action ; in the other mono- 
hydric kitty alcohols, the narcotic action increases with increas- 
ing length of the unbranched side chain. In general, primary 
alcohols are less Active than secondary, and these are less 
active than tertiary. In the case # of tertiary alcfohols, Jfie 
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strength of the action depends upon the nature of the .radicles 
attached to the tertiary carbon atom. If the radicle is methyl, 
f the action is relatively weak, but*if it' is ethyl- it is stronger, 
and file strength increases with the number of ethyl groups. 

HO — , was introduced* 1 as a 
X CJI 5 

, hypnotic in U887, but the alcohols have ryit been us^tTas 
general inhalation amcstllb’tics, o r wing to the slight volatility 
of the higher members, which are the only ones possessing 
marked narcotic properties. On the other hand, th^, ethers are 
far more volatile, and ordinary ethyl ether, ChH^ -O — CJI rj , is 
* the most widdfc* used general anaesthetic. 

If one of the hydrogen atoms in urea be replaced by a 
tertiary alkyl group, derivatives are obtained possessing a 
narcotic action. In accordance with the general rule, thbse 
containing an ethyl group united to the tertiary carbon atoms 
have a greater effect than those which contain only methyl 
groups in this posyt^pn. For instance, substances containing 

‘ /CH a 


Amylene hydrate, 


, dertiary amyl, — 0 — 0H ;i , or tertiary heptyl, — ^(C 2 H ft ) 3 , are* 


n C 2 H, 

more active than those containing tertiary butyl, — C(CII. t ) s . 

NH-C(CH 3 ) 3 

Tertiary # butyl-urea, CO^ , produces sleep in 

X NIIo 


NII-C(0H :1 ) 2 0 2 H 5 , 

doses of 4 grams f tertiary amyl urea, CO\ 

X NH, 

is an excellent hypnotic, which is both more active and more 
< pleasant to take than amylene hydrate. It is, however, slower 
in its action on account of its smaller solubility.' This sub- 
stance is completely oxidized in the organism, but symmetrical 

‘ : /Nil — c(ch,) 2 c„h 5 

‘ vl-urea, CO(^ , is a very stable sub- 
found \ NH — C(CH 3 ) 2 C 2 H fl 

membrane passes into the urine unchanged and has no 
* The ^orrespuaction. Tertiary-heptyl-urea is very slightly 
js known as Brorru. 0 f [ gram it produces first intoxication, 
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Besides the urea derivatives already mentioned, many other 
amides possess hypnotic properties, tut most of these are un- 
certain in their-action. ‘Of greater importance are the ureides 
of dibasic acids (cyclic ureides), many of, which have strtngly 
marked sedative properties. Thus, diethyl-malonyl-urea— 

* Coli, CO— Nil 

** x 


>00 


*oo— ib i. 


• c,i i, 

and ethyi-propyl-malonyl urfa— - 

f V ( y*7 CO— Nil 

• * VJ >co 

CJI, 00 — N*H 


have a strong hypnotic action; whilst dipropyl-malonyl-urea 
has so intense an hypnotic action that it is too dangeromf to be 
used. 

Special mention must be made of Veronal (diethyl -malonyl- 
urea, also known as diethyl barbituric Acid and Bar bi-tone), 
which has attained a very great clinical importance, and is 
*iow perhaps more widely used than any other synthetic’ • 
hypnotic. It was formerly supposed to be practically free 
from toxic properties, but lately several cases of veronal 
poisoning have occurred. Nevertheless, in the usual doses, * 
it is of very low toxicity and free from harmful # by-effects, 
and has the advantage, compared witlwnost synthetic hyp- 
notics, in the matter of taste, solubility, and promptness of 
action. Its sodium salt — 


. CJI, CO— N— Na 

. >< >00 

• CJI, CO— Nil ■ 

or more likely — * 

C,H, CO— N 

. >0> >0 O- Nil 

C 2 H,, 00— Nil 


known as Veronal-^odimn (Medinal), has the valuably property, # 
of being extremely soluble (1 in 5) hi water. Veronal, whi\jh^ 
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is a white crystalline solid, is prepared by a general method 
applicable to other di-alkyl barbituric acids. This consists in 
allowing dialkyl derivatives of malpnic -ester to react with urea 
or alkyl substituted ureas in presence of sodium ethoxido or 

other metallic ethoxides.' 

* * 


• (JO— OC,II, H.,N V • 

R?,C( 1 + “ )CO 

x co— (Kin, iln/ 

\ ,?X)— NH 


R,( 


,/ v 


Nco + 


HOCjIIj 


s «o— nij/ lwsoji, 

• V, 


• :T 

Another method of prejiaring these compoundtf'is to convert 
’the dialkyl mattmic acids into chlorides, and then to heat these 
with urea.' 2 * 


/CO-CI II., Nv /CO -NIL 

S.,c( + “ )c° = >co + 21m 

X C0— 01 TON' “ x CO— NIK 

• 

Instead of using alcoholic sodium ethoxide as a condensing 
agent in the first #)i*jcess, one can employ the metal sodium 
itself, or its amide or the dry powdered sodium ethoxide/ 

• The presence of an alkyl group confers hypnotic properties* 

II, 

on many of the urethanes. Ethyl urethane itself, CO{ , 

x oc 2 ii, 

is a mild hypnotic but methyl-propyl-carbinol-urethane, known 
as Hcdonal , has a stronger hypnotic action. It is not much 
used, however. It can lie 'prepared by the action of warm 
methyl-propyl-cafrbinol on urea nitrate. 


.Nil, * / Ul -' 

CO( " + HO-CJH 

N NH a . HN0 3 t \ GiHj 

NH., 

= 00<^ /Cll, + N1I 4 N0 3 
0— 011 



E. Fincher, Annalni , 335 (11)04), 334 ; Merck, D. R. P., 146,496. 
D. It. P., 146,949. , 3 Ibid., 147,278, 147,279, 147,280. 
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This method can be applied to the preparation of other similar 
compounds, using various secondary alcohols. 1 The introduc- 
tion of an acyl group (such as#CO — CH 3 ) into the amino group 
of the urethanes lessens their toxicity, but does not otherwise 
alter their physiological action. 

The pinacories show a narcotj£ action, which is least in the. 
case of dimethyl ^inacone — 


yC(01I)-— G(Ol/)<\ 

nrr / * v 


greater in the case of methyl-ethyl-pinacone - 

V 

;C(OJ I) — C(OH) 

O.JT/ ♦ (U [ 


and "reatost in the case of diethyl-pi naoono-- 


CU L, ,G.,H 

' >C(OJf)-C(OJI)(' 
C.JT-y X CJT 


KkTONKS AND SuLl’IIONE*.* 

Most of the ketones have hypnotic properties. Acetone is 
somewhat similar in its effect to ethyl alcohol ; diethyl-ketone, 
(C.Jfrjo . CO (propion), is a stronger hypnotic and anaesthetic, 
but its insolubility and unpleasant taste, have prevented its 
extended use. Jienzophenone, (C, ; II,-).>CO, has a slight hypnotic 

action, but much less than that of the aliphatic keto«es. The 

* • 

mixed aromatic and aliphatic ketoyes have more marked hyp- 
notic properties in virtue of the aliphatic portipn of the mole- 
cule, acetophenone (hypnone), C r ,II r> — CO- CJI ;i , being a fairly 
strong hypnotic* while phenyl-ethyl ketone, C i; LI* — CO . C.JI 5 , 
has a i^ill more powerful action. 

Of far greater practical importance are. tjio sulphone deriva- 
tives obtained from the ketones by the action of the mercaptans, 
and subsequent oxiefation of the condensation product thus 
formed — 

r\ , y so,H'. 

R ,/Cx so.,n" 

• * 

1 D, H. P., lli } m(S. 


ic ^ use" lk .sir + luo 

>r,o+ = >c( 

R- HSR" R'/ X SR" 
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Baumann and Kast discovered that sulphonal — 

cli, so,— cji, 

\(1/ ■ 

/ \ 

cri, so.j-o.jij, 

.when administered to animalv, produced a strong rypnotic 
effect, A large number of sulphones were then examined by 
these investigators, who found 1 that di-sulpl ones in whiVn the 
sulphone groups are united to two different carbon atoms, are 
inert; for example, efchylene-d : etjiyl sulphone — ( 

on.,. — so.,- cur., 

I ^ 

OH,— SO,— C,H. 

They also found that sulphones derived from methane (i.e. 
those in which the two SO, groups are united to a OIL group) 
are inert, as also are those containing methyl groups bu't no 
ethyl groups. 

,80., — CH., 


E.g . Methylene - dimethyl - sulphone, CTI, X 


SO.,— CIT, 


inactive. 

80,-0,11, 

Methylene-diethyl-sulphone, CH,/ ^ ^ , is inactive. 

“SO.,-- CII 3 

Ethylidene - dimethyl - sul phone, CIL-Cll/ , is 

« 1 X S0, — Clio 

inactive. 

On the other hand, ethylidene-d/U%/-sulphonc — 

« CI1 3 — CT1(S0, . C,II r( ), . 

has a similar action to that of sulphonal, while the eptrance 
of an ethyl group ipto the central methylene group also brings 
about the appearance of a narcotic action. 

E.g, CUT— CH(SO, . CH. { )„ slight narc6tic action. 

(C,H0(CH,)C(SO,ciiJ 2 „ 

(UI r , v .SO, — CH, 

x f! x , isomeric with, and similaV physio- 


C«H, 


/ \ 


SO., CH, 


logical action to, sulphonal (“reversed” sulphonal). 

1 Zeit. physiol. Chem., 14 (1890), 52. 
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. C 2 H 6 v SO,— C.,Ity 

Trional , , ha* a more powerful and 

ctt/ x so,— g,ir, 

prolonged action than sulphonal. Tetnmal, (O/ty) ,0 ( SO./l’Fty) , , 
is very insoluble, and therefore is not so good an hypnotic^bufc 
for dog% it appears to have thetnost powerful action of all the 
sulphpnes. • » 

The above examples indicate that ^the intensity* of the lryp- 
notih action appears to be conditioned fey the number of o^hyl 
groups ir*the molecule. A stT*d£ of the fate of these compounds 
in the body*l^s revealed the curious fact that those sdlphones 
which are readily docpmposed by ordinary chemical means are , 
relatively stable in the organism, while those which are more 
resistant to ordinary chemical reagents are oxidized by the 
organism. For example, sulphonal, “ reversed ” sulphonal, 
trional and tetronal, though very stable to strong reagents, 
such as permanganate, are to a great extent decomposed fei the 
organism, while OTty(SO, . O/ty).,, which is easily decomposed 
by alcoholic potash, is found unaltered in4hf, urine. 

Sulphonal and trional are of groat practical importance, as 
♦hey are amongst the most widely used hypnotics. Technically,* 
sulphonal is prepared by the condensation of ethyl mercaptan 
and acetone in the presence of zinc chloride, and oxidation of 
the mercaptol thus formed with excess of permanganate. 1 

CUty x HSCJLty City, /S— Ctylty 

.CO — > >0i 

CH/ HSOJT, CM/ X S -a, Hr 

CM, X SO.,— C.,11, 
-> ‘ 

011/ x SO, - -C ,fty 

Trional is prepared in a similar mannei* but the preparation 
is complicated by tjie necessity of introducing the extra ethyl 
group in place of methyl. This can be done in three different 
ways. 2 

(1) Methyl-ethyl-ketone is condensed with ethyl mercaptan 
by means of dry HC1, and the resultant mercaptol'oxidizdG. ‘ 

i * 

1 Baumann, Bar., 19 ( 1 SRG), 2808. t 

2 D. It. P., 49,078, 49,800 ; From m, *4 253 (1889), 148, 
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CH 

)C0 


TISC.JB, 
HSCJ l, 


CHa \ C / 

C,H/c \ 


s-c 2 h 5 

S— CUI, . 


on. 


C.,II r 


^/B0 2 — CjjH 

\RO|— C,H 


r This method is strictly analogous to the method of pre^rinj 
su^ohonal. V y ( ^ 

(0) Propionic aldeByde is condensed with ethyl mercaptan 
and the product oxidized as before. The oxidation product i 
then methylated with methyl iodide and causti^ »oda to forn 
trional. • ■ 



-0 


IISCUC, * C,Tf^ ^SCJT, 

IISC,1I , U / '^SCoIIf, 

cul. ,so.,c.,i r, c..ir IS ,so„— c.,ti 

- -\ ( ,/ - - •' - 'y - - 

TT // \80 4 « 2 II, Oil/ \S0 S --C S H 


(3) By starting* with ordinary aldehyde, instead of propionii 
aldehyde, and ethylating with ethyliodide and sodium ethylati 
in the last stage instead of methylating, trional can be obtained 


C Ha- 
ll- 


C O 


CITov /SC., 1 I, 

\ (;/ ■ 

U / \scjl.. 


CH, X 

-> * My 

n - / " x so .,- 


OIL .SO..—CJI 
- ' 

(in / x so„ -cut 



CHAPTER V. 

ANTIPYRETICS AND ANALGESICS. 

(Dl?iuyATIVKS OF AnIEINE AND I * H 13 N V LH Y DKA Z L I4E .) 

N* 

The substances to *be dealt with in this chapter include some ■* 
of the most important of the synthetic drugs. These substances 
were originally introduced on account of their power of reduc- 
ing the body temperature in fever (antipyretic action), ip.it 
their present importance is due, to an even greater extent, to 
their action on the nervous system in soothing pain (analgesic 
action). * 

The original idea of chemists was to jfhfcluce a compound 
with properties similar to those of quinine, and this they sought 
tb accomplish by preparing substances the composition of which 
was closely related to that attributed to that compound. The 
formula in vogue for quinine was however incorrect, but in 
spite of this, several compounds were produced which had a 
marked antipyretic effect, but which lacked one verywmportant 
attribute of quinine, namely, its specific effect against malaria. 
Quinine was shown to be a derivative of quinoline, and further 
to differ from the less active cinchonine in containing a methoxy 
group in the «pi (1-6) position to the quinoline nitrogen, 

Quinoline itself has an antipyretic action, but 

• 

cannot be used as if drug, owing to its unpleasant by-effects. 
Paramethoxyqui noline has a weaker antipyretic action than 
quinoline, but in accordance with the previously mentioned fact 
that tetrahydroquinoline has a stronger physiological action jha^ 
quinoline, it was supposed that quinine was a derivative of epi- 
methoxy-tetrahydroquinoline. This supposition is nc^v known 
to be incorrect, but nevertheless when G-methoxyquinolijie^ 

6 s 
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is reduced to its tetra-hydro compound, 

# 



strong antipyretic action, though without an} specific effect in 
mayiria. It is not usej.1 as a drifg, as it has harmful effects on 
the blood and kidneys. * # 

Some? earlier experiments had been carried out* on N. -alkyl 
quinoline derivatives, and it was found that the introduction 
of an hydroxyl group caused the effect to appear more rapidly, 
but also to cease more quickly and suddenly. For example, 


CH„ 

/yxcH.,. 

katriTic, hydroxy N.-ethyl-tetrahydroquinoline, “, 

HO N 


i 

OjHj 

more rapid than liairohne A or Kairoline B, which are re- 
' spectively N.-ethyl-tetrahydro- and N.-methyl-tetrahydro-quind- 
lines — 


CIL 



CIL 

/\CH,. 

■ Joi-Ij, 

N 



(in. 


Theso substances are all useless, owing to then 4 toxic action on 
the red blood-corpuscles. < 

Although the artificial quinoline derivatives havt proved use- 
less in medicine, a compound produced by Knorr, 1 with the 
intention of obtaining a substance resembling quinine, met with 
a great and surprising success. The compound in question 
was fir^t considered by Knorr to possess a structure J similar 
tp that which was then attributed to quinine. Later Knorr, 
however, showed that it was more closely ^elated to pyrazole 

i 


Annalen, 238 (1887), ,137. 


-Her., 17 (1884), 2037. 
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HN 


/\ • 

N CH 

if ii 

HC — CI-I 

in structure, being in fact phenyj-dimethylpyrazolone- 

N-C s H 5 
CII 3 — N/\00 

ch 3 ~ c 1 - _Jch • 

This compoynd has attained a very extended use in medicin< 
under the nanne of antipyrine . 

It is obtained by thd action of aceto-acetic ester on phenyl 
hydrazine, whereby a hydrazone is formed, which on heating 
loses the elements of alcohol, with the formation of phenyl- 
methyl-pyrazolone. This is then heated with methyl ipdidt 
and methyl alcohol at 100-150 C., which transforms it into 
antipyrine. 1 


Phenylhydraziue. 


Nil- 

•C,H S 

/ 

H Nil; 

o-c 2 h s 

+ 


So! 

I 

CO 

CH 3 — c 

1 

CH 


Aceto-acetic eater. 


N-C 0 H 5 

• 




0 — 0 , 11,1 



Hydrazone. 

1 Heatifcg. 

N-C.H, 


CII 3 — N • CO HN . 00 

I • | 

C1V-C - -CH CH 3 — C=CH 

I henyl -dimethyl -pyrazolone. Pheuyl-inethyl- pyrazolone. 

This view of its constitution is confirmed by its direct syn- 
thesis from C^H, — N^— NH — CH 3 and aceto-acetic ester. • 


D. R. P., 26,429, 33,536, 40, £37, 42,726. 

5 
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o 

Its salt with acetylsalicylic acid (cf. p. 157) is known as 
Acetopyrine. c 

Antipyrine has a very strong antipyretic action, which is 
far greater than that of quinine, and it is free from injurious 
effect on the haemoglobin, but it has no specific action against 
malaria. On the other hand,* it has the very useful property 
<?f diminishing neuralgic pains (analgesic action), which has 
secured for it a great popularity. A large number of deriva- 
tives of antipyrine have been plabed on the market, but most of 
these have no advantage ove: it, and many of them are very 
loose cbmpounds of antipyrine and other substances, which 
act practically like mixtures. One derivative of antipyrine has, 
however, proved of great value, namely, 4-dimethyl-amino- 
antipyrine. This substance, which is called Pyramidon or 
Amidopyrine , is about three times as powerful in its action as 
antipyrine, and also has the advantage of being free front in- 
jurious effects on the heart (Robert). It is prepared by treating 
an acid solution of antipyrine with sodium nitrite, whereby 
nitroso-antipyrine is formed. This on reduction gives amino- 
antipyrine — 


CH 3 — N/\CO 
CH 3 — cLJc— NO 


CH-N/\CO 

CH,— Cl— Jc— Nil, 


which is isolated in the form of its benzylidene derivative ( Le . 
condensation product with ben /aldehyde) — 


INK 

. CH,- N/\CO 

ch 3 — cL 'C -N _CII— cjl. 


This is then decomposed with hydrochloric acid, &nd on methy- 
lation yields pyramidon — 

/'A 

n / 

ch 3 — n/\co 
ch 3 — cLJc— n(ch 3 ) 1! . 

The success of antipyrine, and the mistaken idea that its 
action might belong to phenylhydrazine derivatives in general, 
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led to the production of a large number of these, most of which 
are, however, without therapeutic >fcilue. The intense toxic 
action of phenylhydrazine js weakened by the entrance of’ 4 
acetyl groups, but the monoacetyl derivative (hydrdbetin), 
C c H 0 — NH — JSTH . CO . CII 3 , and tho diacetyl derivative, 
— N(CO . 0H 3 )>, are h£>th too toxic to be of any use. 
Ooher phenylhydrazine derivatives have been prepared, ,in 
which the carbonyl group enters the molecule, (f.g. the h)|lra- 
zone of lievulinic acid — * t 


CH 3 . • 

I ' 

C— N — Nil — C tt H a 

’ I * 

C1X, 

I 

CII, 

1 

coon 


called Antithcrmin, but this, like Or thin. 


HOOC, 


jNII — NH 2 , 

Iqii 


and other derivatives of this type, is too toxic for use. 

More success has attended a compound in which acid amide 
groups are introduced into the molecule, meta-benzaminseini- 
carbazide, 


IT.pN — CO- 


NI! — NH — CO — NIL,, 


having been extensively used as an antipyretic # under the name 
of Cryogenin. 

Maretin is mgta-tolylseraicarbazide, 


CH 3 — /X — NH — Nil — CO — NH.,. 


Aniline Derivatives. 

The antipyretics already described owe their origin to the 
endeavour to prepare substances similar to quinine. Thoso to 
be dealt with in the present section are based on tLe discpver^ 
of Cahn and IIepp,*that aniline and acetanilide have powerful 4 
1 Zentralblatt f. klin. Med., 33 (1886) ; Her. klin. W. (1887), 1 and 2 m "" 



68 


SYNTHETIC DRUGS 


antipyretic and anti-neuralgic properties, and the low price of 
f aniline gave a still further stimulus to the endeavour to find a 
suitable derivative of it that coirid rival the more expensive 
quinine and antipyrine. Aniline and its salts have a strong 
antipyretic action, but they are readily absorbed, and owing to 
their action on the haemoglobin,' i give rise to toxic symptoms. 

r By the entrance of an acetyl group, aniline is rendered more 
resultant and less toxic, so that acetanilide , C 6 H 5 \ NH . CO . CII 3 , 
has been used in medicine unde'r the name of “ antifebrin” 
It has ' marked antipyretic properties, and also act° as an 
analgesic. Though far less toxic than aniline, yet 1 its physio- 
logical effect is due to the slow liberation of aniline, and after 
a time symptoms of aniline poisoning may become apparent. 
It is only used now on account of its cheapness — it is by far 
the cheapest of all antipyretics — and it forms the active in- 
gredient of many of the secret remedies that are advertised ’for 
the c&re of headaches, etc., and is also used to adulterate other 
more expensive drugs, such as phenacetin. Small quantities 
of acetanilide are oxidized in the body to para-aminophenol , 1 
and the observation of this fact has led to the introduction of 
various derivatives of para-aminophenol as antipyretics. Be 
fore passing on to these, attention may be given to some other 
compounds which are more closely akin to acetanilide. In 
most of these cases the compounds that have been introduced 
could have„no marked advantage over acetanilide, as they like- 
wise depend on the liberation of free aniline for their physio- 
logical effect. For example, benzanilide and salicyl-anilide 
resemble acetanilide, but have to be given in bigger doses, as 
they are less' readily split up in the intestine; while on the 
Other hand, formanilide, owing to the ease with which it under- 
goes hydrolysis, is far more toxic than acetanilide. Toluidine 
derivatives also have not the slightest advantage over acetanilide, 
as all the three toluidines have, when once in the system, prac- 
tically the same toxic action as aniline. 

Attempts have been made to obtain more soluble derivatives 
of acetanilide by the introduction of acidic groups. ' As the 
sparing solubility of acetanilide does not have any injurious 
, effect on jts therapeutic action, these attempts must be regarded 

^chmiedebdVg, A. e. P. P. t 8 (1878), 1. 
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as quite unscientific, especially as the # resulting compounds are, 
as was to be expected with acidic substances, quite inert and», 
without the characteristic action of acetanilide. An e^mple 

, . nh . CO . ch 3 

of thi# class is Cosaprin, 1 

SO a H 

Substances containing a f&lphonic r«cid group in the t»> posi- 
tion of yie acetanilide molecvde^are said to be an exception to 
the rule th&t acidic substances are inert. These derivatives are 
said to he easily solyblo and to have an antipyretic action, but 
they do not appear to have come int<\use, and it may therefore 
be that the original statements as to their antipyretic action 
were mistaken. 

tyi, . NH . CO . CHo . SO a Na is an example, and is prepared 
as follows : The aniline salt of chloracetic acid is treated with 
phosphorus pentoxide — 


C (i H s -Nr:H 

X 0- 


P 2 O ft 


-CO— CH 2 C1 


C (} H ft . HN . CO . CHoCl* 


The product is then heated with an aqueous solution of sodium 
sulphite — 


C 0 H, . NH . CO . CIT.C1 + Na a S0 3 

= NaCl + 0 (; H rj . Nil . (JO . Oil, . SO a Na, 

tho sodium salt of the acetanilide sulphonic acid separating on 
cooling. 2 * . 

Methyl-acetanilide, C e H 6 . N(CH 3 ) . CO . CH a , exalgin, has 
toxic properties and is not much used in medicine. 

An aniline derivative of a different type is phenyl-urethane, 
Euphorin , C 6 H 5 . NH . COOC 2 H 5 . It is prepared by tho action 
of aniline on chloro-formic ester — 


c 6 h 5 . tun + ci . cooc 2 ii 5 = c 6 h 6 . nii . cooc 2 h 5 .+ hci. 

It is far loss toxic than aniline, and has marked F , 

perties, but is irregular in its antipyretic effect. 

1 D. R. P., 92,796. 3 79 , 7 ^, 84,654. 
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Derivatives of Para-aminofhenol. 

The use of para-aminophenol derivatives as antipyretics is 
due to the discovery that aniline and its simple derivatives are 
partially converted by the organism into para-aminophenol , 1 
which is then eliminated as a Wphonic acid derivative or as 
a compound of glycuronic acid. Para-ami noghenol is far less 
toxif than aniline, but it still has an action on the hfemoglobin 
sufficient to he harmful in moderate doses. The replacement 
of the hydrogen of the amino group by an acetyl grorp, with 
the formation of 110^ )>NH . CO . CH a , yields ji compound 
with a lower toxicity than para-aminophenol, and with anti- 
pyretic and anti-neuralgic 1 properties, but still not quite satis- 
factory as a drug. The next step was the replacement of the 
hydroxylic hydrogen by radicles, and diacetyl-aminophenol, 

cn, 

CH,.CO.C(~>NH.CO, was prepared, but it was found 
to be inferior in., its action to para-ethoxy-acetanilide and 
para-methoxy-acetanilide, CJI f| 0< ^~ ^ NII . CO . CII^, and 

CH ;l O\ ^>NH . CO . CH 3 , which were named ‘phenacetin and 

methacetin respectively. 

The last-named compound was found to possess antipyretic 
and anti-neuralgic properties in the highest degree of all, but 
phenacetin, in. which these properties are only slightly less 
well marked, has the advantage of having less toxic action on 
the blood. Phenacetin, which was the first drug of this class 
to be placed on the market, has retained the lead ever since, 
and is hy far the most important compound of' this class, and 
indeed, at the present time, is probably more used than^iny of 
the other antipyretic, and analgesic substances. * 

The starting point for the synthesis of phenacetin is para- 
nitro-phenol. The sodium salt of this is treated with ethyl 
bromide, and the product reduced with tin and hydrochloric acid. 
The para-phenetidine thus formed is then acetylated by boiling 
\ ,T :th glacial acetic acid.'^ 

r 

1 Schmiedeberg, loc. cit. 

^ a Paul, 2jHL agivd. Chem. (1896), 594; Hinsberg, Annalen, 305 (1899), 
278', Hurst and Thorpe, J. C. S., 107 (1915), 134. 

L. 
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NO, 

N0. 2 

nh 2 

NH . CO . CH 8 

/V 

0. ■* 

ONa 

0 

OC,II r> 

"•O'* 

OCJI, 

0 

0 . C,II r> 

n 

• 

Pivra- phenetidine. 

9 

Acetyl para-phenotidine 
(phenacetin).* 

On the commercial scale, an ingenious 

variation of this pro- 


cess has been devised, whereby one molecule of pa^i-nitroph^fiol 
is made to furnish a large nufhbor of rqolecules of phenacetin. 
This prqpess is adopted on accctint of the fact that paisa-nitro- 
phenol is rather difficult to obtain in the pure condition. In 
this process, the para-nitrophenol is converted into para-phene- 
tidinc by the method already described, and tbe phenetidine 
is then diazotized and coupled with phenol in the presence of 
sodium carbonates This is then ethylated, and the product 


(XU I, Oil OC,H, OH 



1 

’CJL.O 1 0,11,0 00., H, 

- 0 0" 

I I 

N - • N« 

thus obtained is then reduced, whereby two molecules of phene- 
tidine are obtained. These can then be concerted inio phena- 
cetin by acetylation, or can be made to yield a Rouble quantity 
of phenetidine by repeating the above-described process 1 of 
diazotization and coupling with phenol. 

Phenacetin is also obtained by the ethyl&tion of p-acetylamino 
phenol. “ i 

Phenacetin is only slightly toxic, but when given in very large 
doses, some methremoglobin is found in the blood. Its anti- 
pyretief action is due to increased heat-loss from the Surface of 
the body, hut this drug is used chiefly for its an’algesic &&tibn, 
in the treatment oT headache, neuralgia, etc. 



P. R. P., 48,543, 


Ibid., 85,988 ; Hinsberg, loc. cit. 
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Several other derivatives of the phenacetin group h?.ve been 
prepared, but none of them have any novel therapeutic action, 
as in all of them this depends on the liberation of para-amino- 
phenbl or para-phenetidine in the body. Indeed, it has been 
shown by Treupel and Hinsberg, 1 that the antipyretic action 
of aniline and para-amino-phctaol derivatives is, within 0 certain 
limits, proportional to the amount of aniline, ppra-amino-phenol 
or ^phcnefcidir e, formed in the organism, this statement is 
based on the /act that, in thosft cases where an antipyretic 
action is found, the urine shov?s<>the indophenol reaction, and 
that the 1 intensity of the reaction is roughly proportional to the 
strength of the antipyretic effect. This reaction is carried out 
as follows : The urine is acidified with two drops of hydro- 
chloric acid, and two drops of a one-per-cent, solution of sodium 
nitrito added, whereby the phenetidine (or other primary amine) 
is dia&otized. On adding an alkaline solution of [I naphthol, a 
red coloration is produced, which becomes violet on acidifying 
with hydrochloric acid. This reaction is given by — 

OCII a * oc 2 h 5 oc 3 h 7 

0 0 " a 0 

Nil . CO . OIL, NH . CO . CH 3 Nil . CO . CH 3 

which resemble phenacetin in their physiological action, but not 

C 2 II, 

, which has no antipyretic action, and 
CO . CH 8 , 

no action on the blood. If, however, the hydrogen of the amino 
group is substituted in phenacetin itself, physiologically active 
substances are' obtained. For example, the methyl derivative, 
C 2 H 5 0O • CO . CII 3 , has greater narcotic and anti-neuralgic 

CH 3 

properties, but less antipyretic action than phenacetin, while in 
the ethyl derivative, C 2 H 5 0 . C 6 H 4 — N — CO . CII 3 , there is an 

Oft 

increase in the narcotic power, accompanied by a decrease in 
the toxic properties, the antipyretic action being retained with 
1 A. e. P% P., 33 (1894), 216. 
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slightly diminished intensity. In the higher members of the 
series, such as the propyl and butyl derivatives, the narcotic and 
anti-ijeuralgic properties rapMly diminish with the increase in 
the molecular weight. In this series the maximum antipyretic 
. and anti-neura)gic effect is shown by the methyl and ethyl de- 
rivatives, and the minimum tuxicity by the ethyl compound. 
This # correspond^ to the effect of substituting the hydroxy fa 
hydrogen of amino-phenol by alkyl groups, whin# is illustn/ed 
by the following table, showing the alteration of tJhe physiological 
effect prfduced by the entrant*) bf alkyl groups in the hydroxyl 
of acetyl-amino-phenol : — * 


• 

Formula and Naim; of Substance. 

Physiringioul Effect Compared to that 
of p. -aeetyl-amino-phenol. 

„ ; r /o-ch, (i) 

Mothacetin. 

\NH.CO.CH 3 (4) 

Anti-pyrotic and anti-ncyralgTc 
effect strengthened. 

Less blood toxicity. 1 

• 

n „ /0-C.H. (1) 

Phenacetin. 

• \NH.CO.CII 3 (4) 

Anti-pyreti^ .action maintained, 
analgesic action strengthened. 
Much loss blood toxicity. 

ch/ oca (1) 

x NII.CO.CH.,(4) 

Anti-pyrotic action slightly weak- 
ened. 

Blood toxicity diminished, but * 
toxicity greater than with meth- 
acetin ai*d phon§cefcfti. 

o„h/ OCA (1) 

\NH.CO.GH 3 (4) 

• 

• • 

Anti-pyretic action weakened. 

• 


This table ghows the superiority of phenacetin over the other 
members of the homologous series. The only substance as yet 
mentioned which appears to have any possible advantage over 
phenacetin is its substituted ethyl derivative — 

C. 2 H,0< )N— CO . CiL, 

u 

En this case, its possible slight advantages are probably out- 1 
weighed by its increased cost. 
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Owing to the slight solubility of phenacetin, many attempts 
( , have been made to prepare more soluble derivatives, which 
should nevertheless be sufficient// stable to resist the action 
of the dilute hydrochloric acid of the gastric contents, and so 
prevent the liberation of poisonous phenctidino* salts. As the 
slight solubility of phenacetin' 1 docs not appear to interfere 
w'.Jh its physiological effect, these efforts do not of great 
practical value The introduction^ of sulphonic acid or carboxyl 
grohps in ordei to obtain increased solubility, was not likely 
to meet, with much success, as generally the presence of acid 
groups tends to destroy the physiological activity of a com- 
pound. For example, both the sulphonic and the carboxylic 
acid of phenacetin are almost inert, but the sodium salt of 
the former has been introduced under the name of Plies in, 

C iJ TI 6 Q < \^~^/ > NH . CO . CU 3 , and is said to have slight temporary 
SO.jNa 

antipyretic properties. 

Similar compounds to phenacetin have been prepared in 
which the hydrogen of the amino group is replaced by acid 
radicles other than acetyl. Para-propionyl-phenetidine ( Tri - 
plicnin) is similar to phenacetin, but less soluble and hence 
less physiologically active. 

Lactyl-phenetidine (. Lactophenin ) — 

, Gji,o<_lyNii- c °-(;n-Cii, 

on 

is more soluble than phenacetin, and has less anti-pyretic action, 
but has well-marked anti-neuralgic and narcotic properties. It 
is more liable to liberate toxic phenetidine hydrochloride^. 
Para-cthoxy-pheqyl-succinimide (Pyrantin ) — 

CO— CH* 

/ 

C,,H,0d>N 

.. ‘ - CO— ch 2 

• and diac.etyl-phonetidine, C„H,,Q<( )>N (60CH a )„ have been 

prepared, but have no vakie. 
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Salicyl-phenetidine is stable, insoluble and practically inert, 
as would be expected, and amygdophenine — 

V II 

^ 1 

(1*1 L,Q< — •NH— CO — ( !— C, II 

• I 

on 

is also rather insoluble and inert. It is the mamb/ie acid deri- 
vative of phenetidine. 

It ha* been noticed tha> phenyl - urethane, Ewghorin, 
<\ y — Nil CO . 00,11,, is partially oxidized by the organism 
into ] ni ra- h ydroxy -phe m ol - u reth an e , and some of its derivatives 
have been prepared for phamiaceutieaRpurposes. 


/OH 

c v u/ /Goocyo 

XN \ 

x (30 . CT f 

A c etyl p.-liytl roxy p h e - 
nyl- urethane 
(neurodin). 

Very insoluble in eol^ 
wator. Rapid, but 

uncertain anti-pyretic 
action. 

• 

✓ OG.JTr, 

C « TT < 

- \NTT_ COOCJI, 

Para- ethoxy- phenyl- 
urethane. 

• 

Mon? certain anti-pyrotic 
action. 


The acetyl derivative of the last-named above has been intro- 
duced under the name “ Tkcrmodin .” It has a gradual anti-^ 
pyretic action, is not toxic, and has no depressant action on 
the heart or respiration. It is insoluble except % acid media. 
Various derivatives of this type have been prepared by Merck, 1 
by passing carbonyl chloride into a solution of para-ox^henyl- 
urethane, or acid derivatives of para-phenetidine in presence of 
alkalies^ — 

/OH . (1) 

2C„H 4 <f + COCk, 

\NII . coil (4) 

.o—c,! i, —Nil. con 
- C 0 ( + 2 HC 1 

x 0 — 0 , 11 ,- Nil . COR 

where R = 01i 3 , 0,11, , C,II„ OCJI„ or 00*11.. 

If the reaction iscarried out in alcoholic solution in presence 
of sodium ethoxide, mixed carbonates are formed — 


D. R. P., 69,328, 85,803. 
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✓0(H . Cl) . CO . (Cl + H)OC 2 H 5 

+ 

X NH . CO . E ^ 

/0-C 2 H 6 + 2HC1 

= C0< 

« x 0— C 6 H 4 — NH . COE „ 

By varying the alcohol, methyl or propyl groups can replace 
tie ethyl grQup. 

^Among otih^r derivatives of phenetidine which have been 
prepared are certain condensation products with ajdehydes. 
Mention may be made of Malakin — 

OC 2 H ft 

. / 
c fl n 4 

\ 

N “CII — <~~> 

HO 


prepared by condensing phenetidine with salicylic aldehyde, 1 
Malarin , 2 the citrate of methyl - benzylidene - phenetidine, 
C 2 IIO On^C — C rt H 4 — CH 3 , vanillin-phenetidine 3 — 


.ON 

C 11/ OCH, 

\n=CH<C 30 H 


(said to be a good styptic) and the para-phenetidine derivative 
of vanillin ethyl carbonate 4 — 


OCH 3 

. c 2 h 5 oO-n-chOo-ooocji„, 

which has be^n named Eupyrin. None of these are, however, 
of any particular value. 

A soluble derivative of phenacetin has been prepared by 
Schmidt and Majert, by the action of ammonia on bromacetyl- 
phenetidine (bromo-phenacetin) — t 

CftOONH • CO . CH 2 Bi’ + II . NIL 

= CftOONH ■ CO . OIL, . NH. + HBr. 
'T^r^amino-phenacetin thus formed is named Phcnocoll. Its 
hydrochloride is readily soluble in water,, and has a similar 

1 b. R. P., 79,814, 79,857. Ubid., 87,897, 98,840. 

< * Ibid., 96,342. * Ibid., 101,684. 
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action to phenacetin, but the action appears and disappears 
more rapidly. It is said to have a greater analgesic action, and 
also to have antiseptic properties, and to be a good substitute 
for salicylic acid as an anti-pyretic in rheumatic fever.# Its 
only insoluble s^lt is the salicylate, Salocoll. 

So far, mention has only been made of phenetidine derivatives 
in which the hydrogen of the hydroxyl group has been replaced 
by sinlple alkyl groups, but several derivatives have been pre- 
pared where this hydrogen hasHbeen replaced byjnore compfes 
groups. , . • ' 

For example, acetylamino-phenyl benzoate — 

C,.H, . CO . OQNH . CO . CII„ 
acetylamino-phenol acetamide— 

N H 2 . CO . CH.. . Q< >N H . CO . Cl f 3 , 
acetyl-eth} r lamino-phenol acetate — 

OIL, 

. I 

CII 3 . CO . 0< J>— N-CO . 041,, 
and lactyl-amino-phenyl ethyl carbonate — 

C 2 H 5 0 . CO— 0<_>NII—C0 . CII— CH, 

Oil 

have been prepared and described, but d<? not ^ppffkr to haye 
had any practical application. 



CHAPTER VI. 


ALKALOIDS. 

A discussion of the cnemistry of the alkaloids would be out of 
place in this work, and the reader who desires further informa- 
tion on this head is referred to special works dealing with the 
subject, such as Pictet’s “Vegetable Alkaloids.” Nevertheless, 
it is of interest to mention some of the recent work that has 
been carried out in this field, a good deal of which has not yet 
found its way into the text-hooks; much of this is to be found 
in the section dealing with the isoquinoline alkaloids. 

No precise and satisfactory definition of the term “ alkaloid ” 
can be given, and it has generally been used to denote nitro- 
genous basic substances of a cyclic structure found in plants, 
but it seems advisable to restrict its use to substances possess- 
ing a more or less marked physiological action. The alkaloids 
possess a special interest for the study of the relation between 
nhysiological action and chemical constitution, owing to the fact 
that many of them, even in small doses, produce very marked 
and definite physiological effects, and that a slight alteration 
in the chemical structure of the molecule often produces a 
decided change ; n this effect. 

Mention has previously been made of the fact that the re- 
duction of a nitrogenous ring generally produces a marked in- 
crease in the toxicity and strength of the action of the drug, 
and sometimes completely alters its character. Eor example, 
pyridine has no marked toxic action and lowers blood-pressure, 
but piperidine is very toxic and raises blood-pressure. f3- 
naphthylamine is not very poisonous, and contracts the pupil 
of the eye, but tetrahydro-/?-naphthylamine is more poisonous 
aiiates the pupil. Many other examples of this type will 
be encountered from time to time. In alheases it is probably J 
' connected with the fact that reduction causes the substance 
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more nearly to approach the aliphatic bodies in its properties, 
while in the case of pyridine and quinoline rings, it is connected 
with the change from tertiary nitrogen to the more reactive ' 
secondary form. # 

Although the substances containing reduced rings are more 
active physiologically than tho?£ containing pyridine or quino- 
line rings, yet the activity is often apparently dependent upon 
the cyclic structure, as the open chain compounds are in 
general much less active than ,the correspondim/alicyclic oifes, 
and nearly all the active alka\oids art? possessed of a cyclic 
structure, # For example, 8-amino-valerianic acid and 'jramino- 
butyric acid are without any particular physiological action, 

but their anhydrides, the oyclic bases piperidone — 

•% 

OIL, 

CH,/\C 1L> 

chI Jco 

Nil 

and tt-pvrrolidone — 

II, C OIL 

I I 

’ ILC CO 

\/ 

Nil 

have a powerful action. 1 In the same way pentamethylerio'* 
diamine, NIL ( L CH 2 J f) NFI. 2 , is not toxic, while piperidine is. 

The siise and position of the side chains attached to the ring 
have an important effect, and in some cases relationships have 
been traced between these factors and the phybiologica*! action. 
Thus, most of tihe alkaloids are derivatives either of pyridine 
itself, or of quinoline or isoquinoline, both of which latter con- 
tain a conjugated pyridine nucleus. Pyridine has only a slight 
physiological action, but more active bodfes are generally ob- 
tained by reduction or by the entrance of aliphatic side chains. 
The introduction of the latter is accompanied by the appear- 
ance of intoxicating action, which increases with the length 
and the^number of the side chains. 2 The toxic action ctf^iperi- 
dine itself is not very strong, but it is increased in -a-iqeth^l 

1 Schotten, Ber., 21 (1889), 2248; Gabriel, Ber., 23 (1890), 1772, 3335. 

54 Kendrick and Dewar, Bruc. Hoy. Soc.,^2 (1874), 432. * 
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piperidine (pipecoline), and still more in a-ethyl piperidine and 
x-propyl piperidine (coni’ ne). The toxicity of these substances 
,oCH, 

ch*|Ach, 

< CII 3 — OHs-CHs— CHy JcH, 

NH 

.9 in the ratio of 1 : 2 : 4 : 8. 

m a previo 'S chapter reference has been made to the re- 
mar'Kable discovery of Crum Brown and Fraser on the effect 
)f transforming a tertiary base into a quaternary^ ammonium 
:ompound. In the case of almost every alkaloid which is a 
sertiary base, the original action disappears and is replaced by 
i curare-like action. The quaternary methyl and ethyl deri- 
vatives of atropine are partially exceptional ; they resemble 
itropine itself in their action on the sympathetic nervous 
jystem, but differ from it in their action on the central nervous 
jystem and in having a curare-like action. Thus, atropine- 
nethyl-nitrato retains the mydriatic action of atropine, while 
;he action of atroj ine on the brain is lacking in this substance 
ind also in the alkyl bromides of atropine and the allied 
ilkaloids, hyoscyamine, homatropine, and scopolamine. 

The effect of the presence of hydroxyl groups, carboxyl 
groups, unsaturated linkages, etc., has already been dealt 
vith in a previous chapter, and the special importance of the 
isterificatfon <rf hydroxyl groups by acid radicles in alkaloids 
will be discussed in connection with cocaine, heroin, etc. 

Of the alkaloids which are used in medicine, caffeine, theo- 
bromine, and the other' purine derivatives are often considered 
jeparately, on account of their close relationship to various 
lon-alkaloidal substances, such as uric acid, xanthine, etc. 
These alkaloids and their derivatives will therefore be con- 
jidered in another chapter. The morphine group, the isoquino- 
ine derivatives, and the derivatives of tropine will be considered 
n the following sections, and there remain quinine, pilocarpine, 
ind strychnine as being important from the medicinal *point of 
r i „ , Nicotine and many other alkaloids are also of great 
nterest, but they are not much used in medicine, and compara- 
ively little work has been done on them during recent years. 
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It has been shown by the work of Jowett 1 and of Pinner 2 
that pilocarpine probably has the constitution represented by 
the formula — 

CJEL— CH— CH— CH..— C N— CH, 

i i- , ii i 

CO CII 2 CH CH 

• \ / W 

O N 

tnd that isopilocarpine is probably a Jtereo-is^rnoride. ffhis 
dkaloid'ffias not yet been synthesized, nor have synth^ic sub- 
itances of similar constitution and physiological action been 
ntroduced into medicine, f and therefore it need not be con- 
lidered at length. Pilocarpine illustrates the difficulty often 
^countered in correlating chemical constitution and physio- 
ogjcal action. Pharmacologically, it is very similar in mayiy 
cspects to muscarine (hydroxycholine, (H0) 2 CoII 3 N(CH.J30H), 
o which it bears no particular chemical relationship. On the 
»ther hand, it may be pointed out that pilocarpine resembles 
licotine in some of its physiological effects, and that both sub- 
tances contain a five-membered ring containing nitrogen. It 
3 true that nicotine also contains a six-membered nitrogen’ 
ing, but its physiological action is probably due more to the 
ive-membered pyrrolidine ring. (Gf. quinine.) 

Our knowledge of the constitution of strychnine is not in pro- 
•ortion to its importance in medicine ; in fact, until recently no 
onstitutional formula had been .proposed for it, but lately 
Vrkin and Pobinson 3 have tentatively suggested that the 
tructure of this substance may be represented by the for- 
aula on next page. * 

With regard to quinine, our knowledge is more satisfactory, 
nd although its synthesis has not yet been accomplished, a 
reat doal of synthetic work has been carried out in connection 
nth it, and therefor^ a more extended account of this alkaloid 
dll not be out of place. 

1 J. C/'S., T1 (1900), 473, 851; 79 (1901), 580, 1331; §3 (l$%\ *38, 
34; Proc. CJieni. Soc., 21, 172. . 

a Bor., 33 (1900), I42*j 2357; 34 (1901), 727; 35 (1902), 192, 2441. # 

8 J. C. S., 97 (1910), 305, 
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ch 2 ch 

/\/\ /\ 

CII CII 


I 


CII CH. 


N C CII CII, 

I 1 I 

CO N— C 


-CH OIL 


Cl!., 


CH 

I 

OH 


Strychnine. 


The therapeutic value of quinine arises chiefly from the 
fact that it appears to have a specific action in malaria, probably 
being far more poisonous to the protozoal parasites than to, the 
cells of the host. It has also been widely used as a febrifuge, 
but this is referred to in the chapter on anti-pyrotics, and at 
present it is proposed to consider its properties from the same 
point of view as those of the other alkaloids. 

Quinine was isolated, together with cinchonine, by Pelletier 
‘and Caventou in 1820, and as a result of the labours of many 
chemists, of whom Skraup, Konigs, von Miller, and Khode may 
-.be specially mentioned, the following formula has been gener- 
ally accepted to represent its constitution — 


II 


N 


HO— CH 
CH,0/V 


N 


: — c. 

CII, 

1 

CII; 

h.,c! v 

1 

CH, 1 

fiH 


| 

1 


CII 


1 

H 

CII., 


that of cinchonine only differing from it by the absence of the 
methoxy group, ( — OCH n ), and that of cupreine only in having 
this grijup replaced by an hydroxyl group, (OH). 

The egurli^r attempts to prepare substances which should re- 
i^jlble quinine in their properties were b^sed on the assump- 
tion that* the quinoline nucleus was the activo portion of the 
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molecule, but Fraenkel 1 brings forward many facts in support 
of the view that it is the piperidine ring, the so-called “ loiponic 
acid portion ” of the molecul*, which is the true “ pharmaco- 
phore.” Thus, it is pointed out that in nicotine — 


•OH., 




-CH„ 

I 

OIL, 


\ / 
N 




the contraction of the blood-vessels is almost certainly due to 
the pyrrolidine and not to the pyridine ring, seeing that this 
action is not shown by pyridine at all, but is produced by 
piperidine — 

CII, 

/ \ 

Oil., OIL 

1 r 

GIL, CII, 

V / 

Nil 


pyrrolidine, and N. -methyl pyrrolidine — 

OIL, CII, 

1 ' 1 ‘ 

OH, CH, 

V • 

I 

Cll 3 

the last named closely resembling nicotine in this respect .' 2 In 
the sanfe way it is considered that the action of quinine is due 
to the reducftd piperidine ring, which is rendered still more 
active by the presences of the unsaturated group, — CII— CII 2 . 
Tho weak and uncertain action of cinchonine, compared with 
that of quinine, is probably owing to the absence of tho para- 
methoxy ^roup leaving the molecule without an “ancl^ring” 
group. Owing to this, the hydrogen atom of the qyinoliTii 

1 “ Arzneimitfcel-synthese,” p. 231 (1906). 

2 Tunnicliffe and Rosenheim, Centralbl. jtilr Physiol 16 (1902), 93. 
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nucleus probably has to become oxidized to OH with the for- 
mation of cupreine before it can exert the characteristic quinine 
action. 

Miiny attempts have been made to prepare derivatives of 
quinine which should be free from some of its unpleasant by- 
effects, especially its bitter taste, and also to prepare derivatives 
which should be more soluble than the generally used sulphate, 
and so be suitable for hypodermic injection. Of the latter class, 
mention shouli be made of the double chloride and sulphate of 
quinine, which is very soluble, in water, and of thj double 
chloride of quinine and caffeine, which is readily soluble and 
suitable for hypodermic injection. Cinchonine is less bitter 
than quinine, but its action is weak and untrustworthy, and so 
it is not a suitable substitute. If quinine is converted into in- 
soluble derivatives its taste is diminished, and a favourite de- 
rivative of this class is the tennate, which is practically tasteless, 
but suffers from the drawback that it is only slowly split up in 
the intestine into its components, and is therefore lacking in 
promptitude and certainty. 

Other derivatives have been prepared by esterification of the 
hydroxyl group, the most important of these being the esters of 
carbonic acid . 1 The diquinine ester of carbonic acid 

C 20 H 23 N a O-O-CO~O-C 20 H 23 N 2 O f 

is known as Aristoquinine , and is comparatively tasteless and 
fairly insoluble . 2 Euquinine is the ethyl carbonate of quinine — 

o-c 2 H 5 

/ 

CO 

X o-c 40 ii 23 n 2 o 

and is prepared by the action of ethyl chloro-formate, Cl. 
COOC 2 H 5 , on quinine . 3 It is practically tasteless, and does not 
have a bitter after-taste. The hydrochloride, on the other hand, 
is not as good as the free base, and has no advantage over 
quinine itself. 

• ‘‘Pjienelidme quinine carbonic ester— 

w 

, 1 D. R. P., 90,848, 93,698, 118,122. 

*Ibid„ 134,307, 13*4,308, *Ibid. t 91,370. 
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NH — C g H 4 — OC 2 H 5 

co / , 

\ 

o-c 20 h 23 n,o 

is knovfa as Quinaphenin. * 

Saloquinine is^he salicylic acid ester of quinine— 

OH 

/ ’ 

c„h 4 

\ 

CO-OC^H^N.O 

and is tasteless. * , 

Quinciphthol is quinine /3-naphthol-sulphonate, and Quina- 
form is quinine formate. 

fn all these compounds, absence of taste is conditioned only 
by insolubility, their more soluble derivatives having the charac- 
teristic bitter taste of quinine. The more soluble hydrochloride 
of euquinine is an instance of this. 



CHAPTER VII. 


ATROPINE AND THE TfxIOPEINES — COCAINE AND THE LOCAL 
» * ANESTHETICS. r 

Atkopine and cocaine are closely related, not only in their 
chemical constitution, but also in their physiological action, 
both of them causing dilatation of the pupil (mydriatic action). 

Atropine and the Tropeines. — Atropine was discovered in 
1831. in the roots of the belladonna plant, and is a strongly 
poisonous alkaloid. Its chief use in medicine depends upon its 
action in dilating the pupil and paralysing the accommodation 
of the eye, and it is also used to check the inhibition of the 
heart arising from administration of chloroform and the depres- 
sant action of morphine on the respiratory centre. 

Atropine is an ester, and on hydrolysis yields a basic sub- 
stance, tropine, an optically inactive tropic acid. 1 It has been 
known that the alkaloid hyoscyamine, which is also obtained 
from belladonna and is lievo-rotatory, is the ester of tropine with 
laevo tropic acid, 2 * and therefore atropine appears to be racemic 
hyoscyamine. This view of the nature of atropine has been 
confirmed by Ladenburg, :i and dextro-hyoscyamine has also 
been prepared by the union of tropine with dex*ro tropic acid. 4 

The pharmacology of these three stereo- isomerides, d.-hyos- 
cyamine, Z.-hyoscyamine, and the racemic form, atropine, has 
been investigated by Cushny, r ’ using the frog as the subject of the 
experiments. It was found that all three were alike in certain 
respects, but that with regard to some aspects of their action, 

1 Krp’.L, Annalen, 128 (1863), 273; 133 (18G5), 87; 148 (luG8), 236. 
Lu&ec, Annalen, 131 (1864), 43; 138, 230. 

2 GWIamer, A. Pharrn., 239 (1601), 294. 

. ^ Ladenburg, Per,, 21 (1888), 3065. 

1 4 Amenooiya, A. Pharm., 240 (1902), 498. 

^Cushny, Joum. oj Physiol .< 30 (1903), 176. 
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dextro-hyoscyamine was the strongest and the laevo variety the 
weakest, while with other effects of thtf drug exactly the reverse 
was the case. In all cases tjjie action of atropine was inter- * 
mediate between that of the two optically active forms, aifd this 
fact is explained by Cushny by the assumption that atropine is 
probabfy decomposed in solutioif into its two active components. 

As atropine i^ the ester of tropine with racemic tropic acid, 
it is obvious that a knowledge of the constitution of these tyvo 
substances is necessary in ordef to know^that of # atropine. 

Tropic acid is a relatively miPnplo substance, being indeed a 
homologueiDf mandelic acid, and having the constitution — 

* . II 

1 

C,.H,— 0— COOH 

' I 
on., 

I 

Oil 

This view of its structure has been confirmed by a synthesis of 
the acid. 1 1 

The question of the constitution of tropine is one which l^is 
presented far greater difficulties, but thanks to the researches of 
Ladenburg, Merling, Willstiitter, and others, our knowledge ^>f 
the constitution of this substance is as complete as that of iJTiy 
alkaloid, and there is no doubt that it # is represented by the 
formula — * 

CFL, — CII — CII., 

1 v 

N — CH 3 CIT— Oil 

I / 

OIL, - Oil -Oil;, 

and this has been confirmed by Willstiitter’s brilliant synthesis.' 2 

The constitution *of this substance is of great importance, as 
not only does it show that atropine and hyoscyamine are repre- 
sented J)y the formula — 

^adenburg and Itiigheimer, Der.] 13 (1880), 376; Annalen ,.217* (lb’SO), 
74. * , 

-Willstiitter and Iglauer, Tier. , 33 (1900), 1170; Willstiitter, 

(1901), 129, 3163 ; Ibid. , Annalen , 317 (19^1), 307. 
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CH, CH CHo CM, 

I • \ I 

N— CH, CH-O— CO—CH 

| / I 

GH 2 OH CH 2 CH 2 — OH 

but it also explains the constitution of many other alkaloids 
which are derivatives of it. 

For example, when tropine is heated with sodium and amyl 
alcohol, it is converted into a substance which is stereo-isomeric 
with it , 1 and which is identical with the substance pseudo-tropine, 
obtained 1 by the hydrolysis of the coca alkaloid, tropa-cocaine 
(benzoyl-pseudo-tropine ). 2 Both tropine and pseudo-tropine 
yield the same substance on oxidation, namely tropinone, and 
this on reduction yields pseudo-tropine and not tropine itself. 


CH, CH- 


-CH, 


N— CH, CO 


CH 2 CH CH 2 

Tropinono. ,l 


OIL CII CH, 

I I 

N— CII, CII. Oil 


CPI,- 


-CII- 


-CH— COOII 


Kcgonino. 


It has been shown that cocaine is a derivative of ecgonine, 
which is in turn a carboxylic acid of tropine, and hence our 
knowledge of the constitution of this important alkaloid is also 
dependent on that of tropine. 

Having accomplished the synthesis of atropine by combining 
tropine with t "opic acid, Ladenburg prepared other esters of 
tropine with various organic ^.cids, to which he gave the name 
trope ines? Other tropeines have been prepared by Merck, 
Ladenburg, and others, and these substances are of great interest, 
as their mydriatic action can be easily compared, and hence 
they afford a convenient series of compounds for studying the 
relation between chemical constitution and physiological action. 
It was found that the tropeines derived from benzoic and cinna- 
mic acids were without mydriatic action, as also was that from 

tropine is optically inactive, and so also is psoudo-tropine ; the isomer- 
ism is dep^dent on molecular asymmetry (cis-trans isomerism).— farrow- 
cliff *'nd < r , utin, /. C. S., 95 (1909), I960.) 

a Fos further details of these processes, sec next section on Cocaine and f 
Ljv>'«l Anaesthetics. 

i 3 Ber . , 13 (1880), 106, 1080, 1137, 1549; 15 (1882), 1025; 22 (1889), 2590; 
Annalen , 2lY (1880), 74. 
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lactic acid, but those derived from mandelic and atrolactinic 
acid possess mydriatic properties. 


II 

I 

C 8 H 14 N— 0— CO— C— C e H 5 

I 

OH 

Mandelic* 


ch 3 

I ' 

C 8 H h N — O — CO — C — CgHj 
OH 

Atrolactinic. 


It will be noticed that the substances mentioned as having a 
mydriat^; action, all contain l^oth a feenzene* ring and an 
aliphatic hydroxyl group in the side chain containing the 
— 0 — CO group, and a statement has found its way into a good 
deal of the literature ol*the subject under the name of “ Laden- 
burg’s Buie,” that only those tropeines which possess these 
characteristics have a mydriatic action. The so-called rule was 
never enunciated by Ladenburg, and it has been shown by 
Jowett and Pyman to be incorrect. 1 For example, they found 
that the following three tropeines all have a mydriatic action : 
a-hydroxy-/I-2 pyridyl-propionyl tropeine — % 

Oil 

_ 1 

<~>— CH„— CH— CO— 0 — C„H U N, 

N 


ortho-hydroxy-benzoyl tropeine (salicyl tropeine), 

<_>—C0— 0— C 8 H h N, 

OH 

meta-hydroxy-benzoyl tropeine, f 

<^_co-o-c 8 ii 14 n, 

•HO 


although the first contains no benzene nucleus, and the second 
and third no aliphatic hydroxyl group. • 

The tropeine derived from mandelic acid is known as homa- 
t rapine , 2 as it is the lower homologue of atropine — 

CJII 14 N — O — CO — CII(OH ) — C 0 H & 

Homatropine. 

C„II U N — 0— CO — CJ}(CH 2 . Oil)— C c H 5 

Atropine. 

J. C. -S’., 95 (1909), 1090. 


• -D. It. P., 95,853. 
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It is widely used in ophthalmic practice as a substitute for 
atropine, as its mydriatic action is nearly as great, and it has 
f the advantages of being less t"xic ; moreover, its mydriatic 
actioh develops and passes off more rapidly. 

Qther esters have been prepared .which resemble the tropeines 
to some extent in their chemical structure, and also” have a 
mydriatic action, namely, the esters derived, from triacetone- 
mothyl-alkamine, and its lower homologue vinyl diacetone 
alktynine. 

(Oii^c— — CH S " ' (CH 3 ) 2 o on, “ 


N— Gil, CH . OH K — OIL, CII— Oil 


(CII. t ),C Oil, 011,011 OH, 


The structure of these substances is closely related to that of 
tropine. The former is prepared by reduction and methylation 
of triacetonamine — 1 * 


(C1I 3 ) W C — CH. .;CIl a ).C~ClL, (CIT,),C CTL 

7 V 7 V '7 V 

Nil CO -> Nil C1IOII -> N— CII.. CIIO II 

\ / \ / \ V 

(c fi a ).,c — cii., (c i y.,c— ci i., (c i r,).,c — ci i „ 


^'process carried out by Fischer,- who also showed the relation 
between this substance and tropine. Its ester with mandelic 
acid resembles homatropine and atropine in having mydriatic 
action. ^ 

The ‘preparation of N.-methyl-vinyl-diacetone-alkamine and 
some of its derivatives will be described later in connection with 
substitutes for cocaine, but for the present attention need only 
be drawn to the fact that various derivatives of the tropeine 
type have been prepared from it, 3 some of which have a mydri- 
atic action. This substance, methyl-vinyl diacetonamine, exists 
in two forms, one, a, melting at 137-138" C., and the other, /?, 
melting at 160-101° C. The existence of two asymmetric carbon 
atomw^ 1 )— , “ 


1 Heinz, Annalen , 189. 214 ; 191, 124 ; \98, 69. 

* Fischer, Ber., 16 (1*83), 1G04, 223G; 17 (1884), 17117. 

^Harries, Annalen , #94 (189G), 33G; 296 (1897), 328. 
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(CH 3 ) 2 C CH, 

/ \ ' 

CH a — N CH— OH 

\* /* 


C CH., 




in the molecule explains the existence of these two forms as 
stereo-isomerides, and it is interesting to note that it is only the 
rnandelio ester derived from tin! ^-derivative .which possesses 
mydriatic properties. 1 This furnishes an interesting example 
of the difference in physiological action of stereo-isomerides. 

Cocaine and the Local Anaesthetics. — The alkaloid cocaine 
was discovered in coca leaves in I860. 2 It had long been 
known that the South American Indians were in the habit of 
chewing these leaves as a stimulant to enable them to*stand 
great exertion without fatigue. The first use of cocaine in this 
country was for a similar purpose, but its great importance 
among alkaloids at the present time is die chiefly to Koller’s 
important discovery that cocaine is a powerful and rapid local 
anaesthetic. 

By hydrolysis with alkalies, cocaine yields ecgonine, benzoic ’ 
acid, and methyl alcohol. Ecgonine was shown by Willstattei’ 
to be a carboxylic acid of tropine — 



- CH - 


1 y ch— coon 

1 9 \ 

CH„ 

| 

N — CH, CTI— Oil 


1 / 


| /CH., 


/ 11/ 


and by treatment with benzoyl chloride to yield benzoyl- 
ecgonine, in which the hydroxyl group is converted into 
O — co . C G H 5 >this on conversion into its methyl ester yields 
cocaine, «which therefore has the formula — 

% 

1 Harass, Ber ., 29 ( 1890 ), 2700 . 

%l Neumann, Aunalen , 140 (1800), 213. 
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9a 


CH_ 

/ I ^-CH— COOCH, 

ch 2 I | 

| N — CH 3 CH— 0— CO— CJI, 
CH 2 I | 


\l 

CH 



CH, 


It is found that the free carboxylic acid,' 'benzoyl-ecgonine 
itself, has no local anesthetic action, but that any of its alkyl 
esters, such as ethyl, propyl, etc., resemble its methyl ester, 
cocaine, in having this action. 1 This applies only to the 
aliphatic esters, as the aromatic do not appear to have been 
prepared as yet. The effect of esterification is probably 
accounted for by an alteration of the anchoring group. 


CH 


/ 


CH 2 

j 


"\.CH— COOH 

L 


CH, 


\‘ 


N — CH. t CH— 0— 00— C 6 H s 

I I 

^'CH, 


CH''' 

Benzoyl oegonine (typo of first series of esters). 


CH 


CH., 


' CH. Z 


\ 


'CH— COOCH, 


.N— CH., CH— OH 


CH 


/TCH, 


Ecgoniue methyl ester (type of second series of esters). 
\T « 


Ecgonine can be esterified in the usual way, leaving the 
hydroxyl group intact, and in this manner another series of 
esters can be obtained. Ecgonine methyl ester has no local 
anaesthetic action, but can be converted «into cocaine by ben- 
zoyl ating the hydroxyl group. In this case, however, the nature 
of the group used to esterify the hydroxyl is important, for if the 
benzoyi. a 'group is replaced by others, the anaesthetic property is 
lost greatly diminished. 


1 Merck, 18 (1885), 2954 ; 21 (1888), 48; Novy, Atner. Chem . Journ., 
10/1888), 147. 
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Thus truxilline 1 (isatropyl-cocaine) has no anaesthetic action, 
but is a strong cardiac poison, and -tEhrlich 2 found that, of 
several different cocaine derivatives, such as isatropyl-cocaine, 
valeryl-cocaine hydriodide, and phenylacetyl-eoeaine hydriadide, 
the last named <was the only one which had anaesthetic proper- 
ties, but to a less degree than>cocaine. All of these have a 
characteristic toxjc effect on the liver, and differ from cocaine 
only in having the benzoyl group replaced by the one named. 

Cocoa leaves, which are the only commercial source of cocaine, 
contain various other alkaloids, Aiost of fohich are, howeye^, de- 
void of the, useful physiological properties of cocaine. * These 
other alkaloids are amorphous substances which yield ecgonino 
on hydrolysis, and therefore, owing to fche high price of cocaine, 
various methods have been devised to utilize them in improving 
the yield of cocaine obtainable from tbe leaves. According to 
one method , 3 the alcoholic solution of the amorphous bjj-ses "is 
boiled with hydrochloric acid, filtered from the precipitated 
organic acids, and practically pure ecgonine hydrochloride 
obtained by evaporation of the filtrate. <By means of benzoyl 
chloride or benzoic anhydride, this is converted into benzoyl- 
ecgonine, which is then esterified with methyl alcohol giving 
cocaine. Various modifications of this method have also been" 
devised . 4 

Cocaine has several disadvantages when used for hypoderm-lc 
injection, one of the most serious being that its solutions do not 
keep well, but become mouldy and decompose* on boiling, so 
that they cannot be readily stei^lized. For this reason, and 
also on account of the high price of cocaine, Various attempts 
have been made, to prepare analogous compound^ which it was 
hoped would resemble cocaine in its useful physiological effects. 

As cocaine is a derivative of ecgonine, which is closely related 
to tropine, and as atropine, one of the esters of tropino, has a 
slight anaesthetic action, various attempts have been made to 
prepare substances from tropine which should have an action 
resembling that of cocaine. Several synthetic tropeines have 
• 

1 Liebermann, Her., 21 (1888), 2347. 

a Ehrlich, Deutsche med. TF., 32 (18§1), 717. 

3 Liebermann and Gfbsel, D. R. P., 47,602. 

4 Einhorn and Klein, Ber ., 21 , 3335; D. R. P., 47,713. Farbw. Hoechs.,*^ 
X R. P., 76,433. 
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been prepared, and have already been discussed, but none of 
these are of value as substitutes for cocaine. Strangely enough, 
however, a natural tropeino was ^discovered in Java coca leaves, 1 
which is a stronger local anaesthetic than cocaine. 2 3 This sub- 
stance, which is called tropacocaine, also hae. the advantage 
over cocaine in being less toxf.c and more resistant to micro- 
organisms, and hence its solutions can be preserved for some 
length of time. It is the benzoyl ester of pseudo-tropine, 2 which 
only differs from ordinary tropino in its space configuration. 
It differs from coeaind and atropine in having no mydriatic 
action,' and in this respect it resembles the other pseurlo-tropeinos, 
such as those of mandelie acid and tropic acid. 

It will thus be seen t^hat the tropeinos derived from tropino 
itself have a strong mydriatic action, but only a weak anaesthetic 
action, while their sfcereo-isomerides, derived from pseudo-tropine, 
nave po mydriatic action, but are powerful local anaesthetics'. 

Pseudo-tropine is obtained from tropine by heating it with 
sodium amvlatc, 4 and it is also obtained from tropinone — 

, * CII ^ 

/ I ^ch 2 

CII, | | 

| N CII.. CO 

CH, | ' | 

\ I on, 

CH' 

by electrolytic reduction in solution. 5 * 

It should be pointed out that tropinone is obtained by oxidiz- 
ing tropine with chromic acid,' 5 or with permanganate in cold 
strong acid 7 solution, or with other oxidizing agents. 8 Pseudo- 
tropine is then easily converted into tropacocaine by m'eans of 
benzoyl chloride. 

1 Gicsel, Phnrm. Ziff. (1891), 149. 

a Chad bon mo, B. M. J. (1892), 402. 

3 Liobcrmann, Bar., 24 (1891), 2336, 2587 ; 25 (1&2), 927. 

4 D R. P.,88,270. ! >Ibid.., 115,517. 

« Wiflstjj-ttor, Ber. t 29 (1896), 396. 7 D. R. P., 117,6°° 

*. 8 Qwtf., 117,629, 117,630, 118,ti07. 
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CIl 


oh 2 

I 

OH., 


OIL, 

\ 


. n on, co 


\ 


OH 

Tropinono. 


/ 

CH„ 


CIl 


CH, 


CH- 

CH^I 


^CIL 

. . V 

| N — CII 3 CH— OH 

CH a I / 

\ I _^ CH 2 
cit^ 

l’seudo-tropino. 

CH, 


— > | N — CH, C1I - O-CO— C h IL 

CH, I ‘ / 

* \ I - CH, 

CH 1 

Tropaeocaino. 

By the action of TICN on tropinone, Willstatter 1 obtained 
the cyanhydrin — 


/ 

CH, 

I 

on. 


CIl 

! ch 3 

l Ml. 


"CN 


CIL 


CH 


which on hydrolysis yielded — 


CH > 


# 

CIL, 

Clio 1 

1 Am 

1 “ n~ch 3 

c \ 

CIL, I 

| MJOOII 

\ 1 

CIL, 

CII 



which only differs iiuni ccgonine in having the carboxyl group 
and the hydroxyl group united to the same carbon atom. He 
termed tfiis substance a-ccyoninc, and from it he nreftw<cd by 
benzoylation and metbylation a sdbstance, a-eocaine — 


Willstatter, Ber ., 29 (1896J, 1575, 2216. 
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/CH CH 2 

oh/ | 

| N— Cll 3 

WL, I 

X CH CH 2 

which is, as would be expectei^from its close structural relation 
to it, very much like cocaine itself in its chemical properties, 
such as the cystallizing power of its salts, but' strangely enough, 
it is totally devoid of anaesthetic properties. 

Although a-cocaine does not possess anaesthetic properties, a 
similar a compound derived from N-methyl-triacetone-alkamine 
was found to be a valuable local anaesthetic. 



^COOCH, 

0— CO — CJL . . 


CII 


CAL 



~ ! n— cii, cii . on 

CII, | ‘| 

\| CII, 

CII^ 


Tropino. 


CPI, CH — Clio 

| | /COOCII3 

CII, — N C\ 

I I 0— CO-CUL 
CII, || 

CII— CII, 

a-cocaine. 


CII, 

I 

on, — c on., 

I I 

N— CII, CH . OH 

I * I 

CH 3 -C CII, 

k 

N-methybtriacttone-alkaraine. 


011,-0 

—CII, 

1 

I /C00C1I, 

c ' 

" \ 0 — CO— CJIj 

CHj— N 

CHj— C 

— CH, 


I 

CII, 


a-eucaiue. 


The substance in question is known as u-eucaine , d>nd was 
obtained by Merling in the following manner . 1 Three molecules 
of acetone were allowed to react with one of ammonia, giving 
triacetonamine, which on treatment with HCN yields the 
inhydrin. This on hydrolysis yields tria^etone-alkamine- 
lyyKfi acid, which on benzoylation and methylat^n yields 
l ^jlbhnzoyl-triacetonet^lkamine-carboxylic acid methyl 
ucaine). 

Wing, Bar. deut. t Pharm. Oesellschaft , 6 (1897), 173. 
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3(CH,)„C0 (CH,) 2 C— CH„ (CII,) 2 C CH„ 

' " -> | | * > | | /OH 

+ NIL, Nil CO HON * NH C< 

III I | X CN 

(C n.,),o — oil, (OIL,)./; — on , . 


(oh 3 ),,c -Cil, 

I I /OH - 
N H C/ 

| | XJOOH 

(OH 3 ) 2 G — OIL 


(CH 3 )oC — CII 2 

>* I I /O . co . c # n ft 

CH S — N C < 

| | GOOCH., 

(cil,).,c— cn 2 


This ilubstance is a cheap substitute ibr cocaine, and # i(f has 
the advantage of being less toxic and of being stable to coiling 
water, so that its solutions can be sterilized by boiling, it has 
the drawback of being somewhat painful and irritant when 
injected, and it has now been superseded by fi-eucaine, 1 the 
hydrochloride of benzoyl-vinyl-diacetone-alkamine— 


CH ;{ 


OFT. { — C CU, 

I I ♦ 

H — N Cl I — O— CO —( III r , 

I I 

CII.— CH— C1I, 

This substance is stable to boiling water and so can be readily 
sterilized. It is less toxic than a-cucainc , and is easily sol- 
uble in water, the lactate, which is often used instead of the 
hydrochloride, being soluble up to 30 per cent* ♦it is equal 
to cocaine in its anaesthetic prop Hies, and is widely used in 
many branches of surgery. Vi^-I -diacetonaraine, tht^ parent 
substance of /J-eucaine, was obtained by Harries by the inter- 
action of diacetonamine and acetaldehyde, 2 but it is obtained 
in betfer yield by boiling the acid oxalate of diacetonamine 
with dicthyhtcetal in alcoholic solution. 3 . 

The vinyl-diacetonamine, on reduction with sodium amal- 
gam, 4 yiolds a mixture of the two isomeric (cis and trans) 
vinyl-diacetone^alkamines. 

1 D. R. # P., 90,009. 

2 Harries, Annalen, 296 (1897), 328 ; £99 (1898), 346. 

• -*K P., 101,738 (19 J 61. , 

4 F. Fischer, Ber. t 17 (1884), 1794 ; Harries, Annalen, 294 (1897), 372 ; - 
D. R. P., 95,622. 
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This mixture is converted into the stable isomer of lower 
melting point by boiling with sodium amylate, 1 which is then 
converted into the base of /3-e ucaino by treatment with benzoyl 
chloride.- 


CO 

CH 3 H ('ll, 

+ 0C(CH 2 ) 3 

+ X 

I 

NH, 

2 (Acetone) + Ammonia. 


co 

/ \ 

CHj CH, 


. C(CFI,) S 

/ •' 

NH., 


CO 

CH.,\h, 


CHj.cno 


CII 3 -C-H C(CH 3 ), 

\ / 

N1I 


Dipcetonamine. 


Vinyl-diacetonamine. 


CII . 0 . CO . C,.H. 

/\ 

CII, CII, 


CULCO . Cl 


Reduction. 


I 

CH . OH 

/ \ 

CH, CII, 


CH,-— CH C(CH.j), 

V \/ 

NII 

Base of f -eiK-aine. 


CH-CII C(C1I,) S 

\ / 

NII 

Vinyl-diacotone alkamine. 


Besides the members of the cocaine series and the acctonc- 
alkamines, there are a large i -umber of other substances pos- 
sessing local fynuasthetic properties. Many of the antipyretics 
of the aniline type have this property, and in the case of 
pbenetidine derivatives, the ainesthetic character of the sub- 
stance is greatly enhanced by combination with a second 
base. Holocaine , one of the best known substances of this 
type, is the mono-hydrochloride of — 


n-c„h 4 ~o-c . 2 il, 

CH,— Cf 

\NK— C ( .H 4 — 0— C,IL } 


v . 1 D. R. P., 95 , 621 . 


3 Ibid., 97 , 672 . 
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It is prepared by condensing phenetidine with phenacetin 1 


CH 3 C: 


H, 


N — C t; H, — 0 — OJL, 


0/ — NH— C„H 4 — 0— C 2 I-I 5 


.N-C (i H 4 -0-C 2 H, 0 

CII 3 — + H -’ u 
x NII-C ti H 4 — 0-C„II, 


Holocaine has the drawbacks of being more toxic than cocaine, 
and of sparingly solubl^ in wafcvlr ; but,' on the flther 

hand, its aqueous solutions keep well, and have vf rapid 
anaesthetic action. It is used in ophthalmic surgery. 

In recent years attention has been^ directed chiefly to al- 
kamine esters, which contain the grouping — 

R 

ri i 

— N — C — C— 0 — CO — R' 


a grouping very similar to that indicated by asterisks (*) in 
the formula for cocaine. 2 

CH 2 — CH -CII— COOCH, 

I I * * * * 

*N — CH, CH — 0 — CO — C ( .TT r, 

I ' I 

CH 2 — CII — ch 2 

* * 


Stovaine, alypine, and novocaine/are well-knotvn members of 
the group. Stovaine — 

CH, 0— CO— C rt H, 

\/ 

C 

*/\ 

C 2 H a CII 2 — N(CH a ),, IIC1 

• 

is a wol^-known synthetic anaesthetic, obtained by t^ action 
of magnesium-ethyl-bromide on^ diethyl-amino-a^etone, and 
benzoylation of the product thus obtained. 


1 D. R. P., 79,869, 80,568. 2 Pymam J. C. S ., 93 (10UH), 179H. 



IOO 


SYNTHETIC DRUGS 


. CHjj Br — Mg — CJI r) CII 3 

I > " ' I 

r co -> cjr,— c — oh 

I 1 I 

CH 2 — N(CH 3 )j C!II 2 — N(CH 3 ) 2 

I ' on., 

I 

> Coll,,— O—O— CO 0,11, 

! 

, ( ClIo--N(CHj)o 

( t ' ‘ > 

It is very widely used for producing spinal anaesthesia. 

Alypine is the hydrochloride of tetramethyl-diamino-di- 
methyl -ethyl-carbinyl benzoate — 

CEL — N(CII 3 ) 2 

C „TT P — 0 -— 0 — CO — C,.H S 

1 

CIL — N(CH 3 )o 

and is therefore similar to stovaine in its constitution, being 
the dimethyl-amino derivative of the latter. 

As a local anaesthetic, it is said to have the useful properties 
of cocaine without most of its drawbacks, producing rapid 
anaesthesia, and being free from injurious effects on the hearl 
and respiration. 

A whole#sepies of local anaesthetics which also possess anti- 
septic properties has been discovered by Einhorn and HeintzJ 
They found that the benzoyl ^derivative of amino-hydroxy-ben- 
zoic ester possessed distinct anaesthetic properties, and contrary 
to the behaviour of cocaine, the removal of the benzoyl grouj; 
yielded a substance of which the anaesthetic properties were 
greater than those of the benzoyl derivative. A large number 
of substances of this type were produced, of which p-amino-m- 

H,N/\ ' 

hydroxy-ben zoic-methyl-ester, “ COOCII. * was intro- 

HOLy 1 , 3 

duccd. irto practice under the name of Orthoform. , It is a 
wjpitfi powder, very slightly, .soluble in water, which is non- 

1 Milnchfner vied. W., 34 (1897), 931 ; Annalen, 311 , 20, 154 ; 325 , 305 : 
359 , 145; 371 , 125, 131, H2, 102 (1900-1909). 
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toxic and has no action on the unbroken skin, but produces . 
anaesthesia on coming into contact with the peripheral nerves 
themselves. It is used as a dusting powder for painful wounds, * 
etc. The high price of orthoform led to the production of an 

, ’ NTL/NCOOCII., 

isomeric substance, jjL I • , called New Orthoform, 

which has the same physiological action, but is cheaper. 1 

These compounds are not sufficiently soluble to he adminis- 
tered hypodermically, and their more* soluble hydrochlorides 
are too strongly acid for this purpose. To overcome ^his de- 
fect, Einhorn has prepared various derivatives of glycocoll 
with different amino-hydroxybenzoic acids. 

y NH., 

IIO — Aryl group( “ -1- IIO . CO— C1I„ — NIT., 

• x ooor “ -- 

Amino hydroxy benzoic acid + Glycocoll derivative 

/Nil . co . cil— nil, 

— HO Aryl group^ • + H.,0 

x COOH - 


These compounds differ from the parent substances in beinj 
strongly basic, and hence they can form soluble salts (such as 
hydrochlorides) of neutral reaction. Their anesthetic acWou 
is not closely related to that of the parent substance. A large 
number of these compounds have been prepared, 2 and the 


diethyl-glycocoll derivative of 


ANIL 

f j I , having the, fori 
COOCII, • 


formula 


IIO' 


QNH . CO . CH a N(CH a ) a 

COOCIL 


has been introduced into therapeutics, in the form of its 
hydrochlori^a,* under the name of Nirvanine . a It is easily 
soluble? and is less toxic than orthoform, which i^esembles 
in its general behaviour. , 


1 D. It. P. f 97,333, 97.334, 111,932. 

100,502, 108,027, 108,871. 


• :! Milnchnier med. IE, 49 (1898). 
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The simplest local anaesthetic of this type is ethyl para- 

. amino-benzoate, NII,<^ J>COOC,H r| , known as Ancesthesine. 
It resembles orthoform in most Jl its properties, and is said to 
be free from any toxic action. It is insoluble , in cold water, 
but 'its solution in olive-oil m^.y be used for hypodermic in- 
jection. Its salt with para-phenolsulphonic acid, 

NIL, . C ti H 4 . COOC 2 H r „ HO . C c H 4 . ko 3 II, 
is soluble in water, and has been used for hypodermic injec- 
tion (aider the name ot r Subcutin. 

The isobutyl ester of ^-amino-benzoic acid 

NII 2 . C G II 4 . COOC^j 

has also been suggested as a local anaesthetic under the name 
of Cycloform. 

Notion : ''"v is the hydrochloride of the diethylamine deriva- 
tive of anaesthesine, having the formula — 

NH,< >-CO--Q— CH,— CILN(C,H fl ),,H01 

which, it will be seen, contains the previously mentioned 
grouping— 

i i 

R'— CO— 0— C— C— NR— 

I I 

It is a non-irritant and powerful local anaesthetic, only one- 
seventh as toxic as cocaine, and of recent years has found 
very extended use, so that it is now the most valued of all 
local anesthetics. 

The preparation of novocaii-e can be carried out in various 
ways, 1 but all the methods are somewhat difficult, involving 
the preparation of ethylene-chlorhydrin and of diethylamine, 
so that attention has recently been given to improvements in 
the production of the latter compound. 2 < 

Ethylene chlorhydrin, for example, may be heated with para- 
nitrobenzoyl chloride, and the resultant chlorefnyl para-nitro- 
benzoic &>ter, then heated with diethylamine for twenty-four 
hoy»s4n a closed vessel at 100-120° C. The diethylaminoethyl t 

' C D. R. P., 179,027, 180,291, 180,292; U. S. P., 812,554. 

2 J. S. C. 33 (L91f), 147; J. C. S., 109 (1910), 174. 
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ester of para-nitrobenzoic acid so obtained is then reduced 
with tin and hydrochloric acid to fornf novocaine. 

coci 1 10 -( ; 2 h 4 — ci * co.o cn ch ci 


l 1IN(CJ1,), 

CO . O . CII, . CII, . N(C,IL,)„ CO . O — CII, — CH, — N (C,II 6 ), 


NH a NO, 

Another method 1 is to condense ethylene chlorhydrin with 
diethylamine to form chlorethyl-diethylamine. 

dT-CII,— CII,— OH + IIN(C,H,,), ***■'. 

= Cl— CII,— OIL— N(C,H ;> ), + 11,0. 

This is then heated with sodium para-aminofxmzoate to 
form the base of novocaine. 

» 

ICNQCOONa + Cl — CII, — CI I, — N (C,TT 0 ), 

= NaCl + HaN<^_^COO — CH, — CII, — N(C,II 6 ) 2 . 

In a third variation, 2 para-aminobenzoic acid is condensed 
with ethylene chlorhydrin by heating them to 100° in sulphuric 
acid solution. The compound so obtained is thent heated in a 
sealed tube with diethylamine at 100-110° to form novocaine. 


coon no— ci 

1,— CH— Cl iCOO— C1L— CII,— til + II ,0 



J 


Nil, 

Nil, 


| I1N(C,1I ;| ), 


COO— CH..—CH.,— N(C,II S ).,HC1 

| "l 


.0 

NIL 


1 D. It. P., 189,335. 2 Ibid., 194,748.® 
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MORPHINE GROUP AND ISOQUINOLINE GROUPS OF 
, ALKATjOIDS. 

Morphine Group. 

• Morphine is the most important of the- opium alkaloids, and 
is the one to which most' of the physiological effects of opium 
are due. The principal alkaloids present in opium may he 
divided ’"to two well-defined groups : — ... 

(1) The Morphine Group , consisting of morphine, codeine, 
and thebaine, all of them very poisonous substances, and con- 
taining a pKenanthrene nucleus, as well as a nitrogen ring. 

(2) The Papaverine Group , consisting of narcotine, papavar- 
ine, narceine, laudanosine, oxynarcotine, etc. These substances, 
vlfich are derivatives of isoquinoline, are far less physiologi- 
cally active than those of the first group. These alkaloids and 
sorpe of their derivatives will be considered in the next section, 
and for the present attention will be directed to the members 
of the first g"opp. 

All the opium alkaloids produce nervous depression, begin- 
ning in the psychic centres of ^he brain, and extending down- 
wards through the various cerebral centres in the reverse 
order of the development, antf they also have a strychnine- 
like action on the cord, giving rise to convulsions. 1 if some 
of these alkaloids, such as morphine, the depressant (i.e. nar- 
cotic and analgesic) action predominates, twitchings or con- 
vulsions being extremely rare, while in others, such as thebaine, 
the convulsant action is far stronger, and practically masks 
the weak narcotic action. Codeine stands between the two, 
having marked narcotic properties, but in a weaker degree than 
morphine, while, on the other hand, it is more liable than • 
morphine f ; o give rise to increased reflexes and spasmodic 
twifehings. * 
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The following table indicates which of these effects pre- 
dominates : — 1 * 

Morphine (melt narcotic), 

Papaverine, 

Codeine, 

Narcotine, 

Thebaine, 

Laudanine (most convulsant). 

Morphine, has never been synthesized, and its structure is 
not even known with certainty; so that this section wi>l deal 
mainly with the efforts that have been made to synthesize 
derivatives of morphine, which should differ from it in certain 
respects with regard to their physiological action, and also 
with the attempts that have been made to obtain synthetic 
^products, which should possess a similar* action to^ip'^phine 
owing to the presence of similar groupings in the molecule. 
These attempts are hampered by the fact that we do not know 
which portion of the molecule plays the chief jfart in de- 
termining the physiological action. * 

Nevertheless, it is necessary to indicate tlie basis on which 
our knowledge of the structure of morphine rests. The formuta 
of morphine is C 17 lI iy O ; ,N ; it is a tertiary base, and contains 
two hydroxyl groups, one of which is phenolic, and the otfjer 
alcoholic in character. The alkaloid, codeine , C ls H 2l O ;i N, differs 
from morphine by CH.„ and as it contains one hy{Jrc$cyl group, 2 
it therefore appeared probable that it was morphine in which 
the hydrogen of one of the hydroxyl groups hacj been replaced 
by C1I 3 . This assumption was shown to be highly probable 
by the work of Matthiessen ana Wright, 3 and Confirmed in 
1881 b^» Grimaux, who 4 converted morphine into codeine by 
direct methyktion. Therefore the constitution of codeine and 
that of morphine can be considered together, the former being 
C l7 H 17 ON(OH)(OGH : 5, and the latter C 17 II 17 ON(OH), ; the 
complex C 17 H l7 ON being the same in both, it is clear that a 
knowledge of this complex will reveal the structure of both 
alkaloids. 

1 Dixon, “ Mafcual of Pharmacology ” (l'JOG), p. WJ1. 

“ Wright, J. C. £?., 27 (1874), 1031. 

Matlhiosson and Wright, J. C. S., 25 (187:?), £0G. 1 

4 Grimaux, C. Ii ., 93 (lHMl), 691. 
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The study of this question has occupied the attention of many 
chemists, and thanks l'nainly to the labours of Vongerichten, 
Schrotter, Knorr, and Pschont we have gained a tolerably 
clear' insight of the nature of this grouping. Vongerichten and 
Schrotter by distillation of morphine with zinc dust obtained 
' IIC— CII 


phenanthrene, < 


/, together with pyrrol, IIC CII, 

\ / 

, NH 


pyridine, f j, trimethylamine, N(CH 3 ) 3 , and ammonia. A de- 


N 

tailed account of the numerous investigations that have been 
carried out on morphine and codeine is beyond the scope of 
this client -r ; an account of the recent work on this subject is 
given by Dr. II. E. Watt in Science Progress, 4, 279 (1909), 
and the reader desiring further information is referred to this 
and to Pictet’s “ Vegetable Alkaloids.” As a result of his own 
and other investigations, Knorr has suggested the following 


formula 1 for morphine- 
C1L 


CH., 


/ 

A. 


\/\/ \. 


CH— O 


that of codeine being- 
CH, 


/ 


N, 


\ 

Cfr CII, | 

V N 

1 

All- CII, \' 

1 


CH, 

/\ / 

CH 


CJI 

\/\/ \ 


CH, 

I 

CII, 


CH— 0 


H— C 
HO 


CH 

^ • 

C 

\ 

OH 


H 

HO 


C CH 

./ 

C 

\ 

0— CH, 


More recently Knorr has somewhat modified this formula, as 
shpwn belo\v, and Pschorr, .Jaeckel, and Fecht have suggested 

1 In all cases, an unoccupied corner such as / nj. represents and 

J *' { 

/r \ represents 




/\ 

II OH 

Bucherer’a formula, modified by Knorr. 

An important* difference between these two formula} and 
Knorr’s earlier formula is that they show the 0 # and N in 
•eparate ring systenr?^. Bucheref-’s formula, as ^nodified by 
Knorr, is a link between the two types. In all of the^e codeine 
is the same but for the phenolic OH being replaced by OCH.^ 
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The alkaloid thebaine has been shown by the work of many 
investigators to be closely related to morphine and codeine, 

(Ci # n H ONOH,)(OH) 1 (C 10 n 14 oNcu 3 )(OH)(oeiy 

, Morphine. Codline. 

(O w H u ON'CH J )(OCiy > 

Thebaino. ' 

It differs from morphine and codeine in having both the 
hydroxyl groups replaced b/ methoxy (OOH a ) group:,, and in 
having two atoms of hydrogen less in the rest of the molecule. 
Accordingly, if we accept Knorr’s formula for codeine, we ob- 
tain the following formula for thebaine : — 


OIL, 

/\ /\' 


011 , 0 . 


\/ \/ 

CH / 
I OH., 


Oil— N— CH, 

/\ CHj 


G \ 

CH . Oil 

Codeine. 

\ Oil., 

/\ >/\ 

/ V' \ 

I CH — N— CII, 


CH.,0| 


\ /\ /\ 1 CII, 

\/ \/ 

I CH / 

CH, 


ou^wn belc «■ 

1 In all cases, t 

J 

/r\ represents / 


i 

6 - 


/ 

c x / . 

x C0CII, 


Thebaine. 
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and on the basis ot‘ Pschorr’s formula for codeine, the corre- 
sponding formula for thebaine is as sho^vn below — 


OH, N — GIL, 


CHI (311., 


CH.,0 


on. 


3 / 


C1I,0' 




CII 2 N — OH., 

/\ /V 

Oil OH, 

II, 


1 

C II 

1 


| | 

C II 

f) — C 

1 

OH, 


♦ o— c 

1 

CH * 


H 0 

/\ 

II OH 

Codeine. 


/\S f 

II o 

I 

OCHj 

Thebaine. 


Sf the various derivatives prepared from morpb which 
are used in medicine, the naturally occurring alkaloid codeine 
is the one which most closely resembles morphine. As already 
stated, it was iirst prepared directly from morphine by 
Grimaux, 1 who also prepared ethylmorphine (codethyline), but 
since then many other manufacturing methods have been de- 
vised in order to obtain better yields. It was first prepared 
on a large scale by Knoll,- and Pechmann’s method of methyla- 
tion by means of diazo-methane 3 has also been applied to tjhe 
preparation of codeine from morphine, 4 but by this method also 
the yields do not appear to be very satisfactory, Jiethyl sul- 
phate is at the present time a favourite methylating agent, and 
Merck has devised a means of preparing codeine by the action 
of methyl sulphate on morphinoHin the presence of alcohol and 
sodium. 5 The neutral alkyl es^rs of phosphoric and nitric 
acids c;tn also he used in the same way as the sulphate. 6 

The pharmacology of morphine, codeine, n^onacetyl-, diacetyl-, 
and benzoyl-morphine has been investigated by Stockman and 
Pott, 7 and that of the homologues of codeine, together with a 


1 Grimaux, C. R.\ 92 (1881), 1.140, 1228; 93 (1881), 07, 217, 591. 

2 D R. # P., 39,S87. 

3 Ber. t 27 (1884), 1888 ; 28 (1895), 855, 1624. ** 

4 P. R. P., 95,614, 9 ‘.,145. , 5 Ibid., 102,634.' 

# 6 Ibid., 107,225, 108,035. » 

7 Stockman and Dott, B. M. J. (1881), 21th Jan. (1890), II. 189; Pmc. 
Roy. Soc. Edinb ., 17 (1890), 321. 
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largo number of morphine derivatives by Mering. 1 The action 
of the higher homologues of codeine is similar to but somewhat 
weaker than that of codeine itself. Codeine methyl bromide, 
^'ls^nQjNCH.jBr, or Eucodeme is said to be less toxic than 
codeine. Ethyl morphine is somewhat exceptional in having 
a stronger and more prolonged action than codeine, and is re- 
commended against irritant coughing. Its hydrochloride has 
been introduced into therapeutics under the name of Dionine . 
The benzyl (C 0 H r , — CIL,) derivative of morphine also re- 
sembles codeine in its acti6n, and has been introduced by 
Mering in the form of its hydrochloride, under the name of 
Peroninc. It is obtained by the action of sodium ethoxide 
and benzyl chloride on morphine in alcoholic solution. 2 

The carbonic acid esters of morphine are very unstable, but 
the acyl derivatives are quite stable, and some of them have 
attainetTg'A.at practical importance. The acyl derivatives* of 
morphine, in which only the phenolic hydrogen is replaced, 
mono-acetyl-, propionyl- and benzoyl-morphines closely re- 
semble morphine i/self in their physiological action, being 
intermediate between it and the diacetyl compounds to be 
described later. (It should be pointed out that in the case 
of codeine, dionine, and peronine, it is also the hydrogen of 
the phenolic hydroxyl which is replaced by CH ;i , C„H r> and 
C f .JIr, . Oil, respectively. These are phenolic ethers containing 
the group — OR, but monoacetyl-, propionyl-, and benzoyl- 
morphine are 'phenolic esters, containing the group 0 —CO — R, 
and are more readily hydrolyzed than the ethers .) The deriva- 
tives of morphine, in which b<Yh hydroxyl groups are esterified 
by acid radices, have also bejjn investigated .by Mering. He 
investigated the diacetyl, di-propionyl, di-isobutyryl, fjnd di- 
valeryl derivatives, and found, in confirmation of the work 
of Stockman and lOott, that these possessed a more decided 
narcotic action on dogs than codeine, and a stronger tetanic 
action than morphine. Clinically, they have proved valuable 
in lowering reflex irritability and calming spasmodic coughing, 
but in checking pain they are less active than m6rphine. 
Under the n^mes of Heroin ^ind Acetomorphine, the diacetyl ^ 

1 Merinf, Merck's Jahresber. (1898), 5. 


-I). R. P., 91,813. 
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derivative has attained considerable practical importance in 
checking coughing arising from irritation, otc. 

By the action of dehydrating agents, such as concentrated 
HC1 atr‘140° C., on morphine* a substance is formed \jhich 
differs from mosphine by the elements of water, and is called 
apomorphine, C 17 H 19 0 3 N — H 2 0-^C 17 H 17 0 2 N. It differs very 
greatly from morphine in its physiological action, being a most 
powerful emetic, and in large doses stimulating the respiratory 
centre, with consequent quickening of the rate of breathing. 
Its action is therefore quite different fr<f,m that of morphine. 
The emetic action of this substance is not local, butMs of 
central-nervous origin through stimulation of the medulla. In 
therapeutics the hydrochloride is usually used, and is given 
hypodermically, the dose being soon followed by vomiting 
without harmful by-effects. The fact that apomorphine can 
TJTT^iven in this manner constitutes one of its chief s ^vantages 
over the peripheral emetics, which act locally on the alimentary 
canal. 

With regard to the chemical nature o/ apomorphine, it 
was first thought that one of the oxygen atoms was present 
in a hydroxyl group, and the other in an ether group, 

I ! 

— C — 0 — C — , as only a mono-acetyl derivative had been 

i i 

prepared, 1 but Pschorr, Jaeckel, and Becht have shown that 
both oxygen atoms are present as hydroxyl groupg. 2 ^ 

iio/% 

H0 \/\4l 

/\^ n \-~(JII 3 

\/\/ GH2 

CHo ClI, 

They also prepared a monomethyl ether of apomorphine, which 
has been shown to be identical with the so-called “ pseudo 
apocodei»e, obtained by heating codeine with anhydrous oxalic 
acid at 150° C. 4 

1 Dankwortt, Annalcn , 228 (1885), 572. 2 Per. , ^ % ,, 

3 Knorr and Raabe, Ber ., 41 (1908), 3050. # * Ber., 40 (190T ), 3355. 
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Apocodeine, codeine, apomorphinc, and morphine all produce 
purgation in dogs and cats, but this action is greatest in apoco- 
deine, and diminishes in the order given down to morphine. 
In the case of apocodeine, the jfurgative action is greater than 
the vomiting, and it is stated, when given hypodermically in 
suitable doses, to produce purgation without vomiting, and its 
use as a hypodermic purgative has been suggested by Dixon. 1 
Such a substance is greatly needed, and should apocodeine 
coinc into use for this purpose, it would be one of the most 
important of artificial^drugs. <, (d 

Thh endeavours that have been made to synthesize substances 
analogous to morphine do not appear to have been very success- 
ful. This is not surprising considering that, apart from any 
doubt as to the actual constitution of morphine, there is still no 
means of judging which part of the molecule is most intimately 
connecteckwith the action of the substance. •' ^ 

The early work of Knorr led him to the conclusion that 
morphine might be represented by the formula — 


Cil . Oil 


0 


/ 


C 1( ,1L,(0H) 


OH 


OIL, 


011 ,- 


-011 OH, 

\ / 

N 


OH3 

a conclusion which was subsequently disproved by his own 
work; 1 ’ V 

Knorr gave the name “ moppholine ” to th# grouping— 

O 


/ 

OIL, 


\ 


OIL* 


Oil, 


OH, 


* NH 


1 Dixon, B. M. J, } 18th Oct., 1902. 
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as he regarded it as the parent substance of morphine. A 
general method of preparing morpholipe and its derivatives 
which was devised by Knorr, 1 consists in splitting off water 
from dihydroxyethylamines by means of condensing agents, 
such as 70 per *cent. sulphuric acid, acetic anhydride, etc. 
The dihydroxyethylamines are prepared by the condensation 
of ethylene-oxide ^ith amines. 

CH 2V ell.,, .CH,— CH.,— OH 

I )0 + NIl,+ | )0 = NH< 

CH/ , ' Cl 1/ * x CH,, r -CH 2 — OH 

oonc. H 2 S0 4 “ CH, — CH,^ 

— > NH< >0 

X CH 2 — CH./ 

The parent substance, morpholine itself, was prepared in 
this way, using HC1 at 160° as the condensing agent.- By 
"ifisfeg various primary amines of the type RNH 2 J.\istead of 
ammonia, substituted morpholines of the type — 


y CH,j — CH 2V 

RN \ch 2 -ch/° • 

may be obtained, and by using substituted derivatives of 

R — CH n 


ethylene-oxide, such as 


A )0, derivatives of morpholine 

IV 

can be obtained, some of which are not unlike morphine in 
their properties. As an example, tetrahydro-ipiphthalene- 
morpholine may be mentioned, as it resembles morphine most 
closely. J It was obtained by condensing an alicyplic derivative 
of ethylene-oxide, namely, tetrahfdro-naphthylene-oxide with 
hydroxyethylamin'6. 




CH, 


/\/\ 


reduced 


\/\S 


iCH 


HOC1 


\/\/ 

0H a 


CH 


CH, 
CH- 


-OH 


\/\/ 

CH, 


CHC1 


l alcoho\ic"KOH 

#1 Knorr, Bar., 30 (1897), €09 ; 31 (1898), 1070, 1969 ; D. R. P., 95,851. 

2 Ber., 22(1889), 2081. 

3 Annalen , 301 (1898), 1 ; 307 (1899), 171, 1§7 ; Her., 32 (1899) 7 7 32. 

8 
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CH„ 

/\/\ CH 


>0 N H a — CH U — QTIo — OH 


/ 

CH 
hT a 

Tetraliydro-naphthyleue-oxidc 


\/\/ 

CH., 


CH, OH OH 

s\/\ / / 

!' CH CH, 

1 I -J 

i CII CH., 


OIL, N*H 



,CHo 


( If | /-ITT 

\/\/\/ “ 

CH, NIT 

Another method of preparing derivatives of tetrahydro- 
naphthalene-morpholine which has been devised by Knorr 1 
is by means of the action of hot dilute sulphuric acid on the 
hydramines of the naphthalene series. 

CII, OH Oil 


CAL , 0 


S\/\/ / 



CIi CII., 

i i ^ 

j- CH 

i i 


| | ^ 

CH CII, 

I 1 

!, CH 

\/\/\/ 

\/\/'\/ 

r 

OH, NR 

CH, NR 


GIL, 


‘CH, 


These hydramines can be obtained by the action of the 
ethanolamine's on the chlorhydrin (see above), or on the oxide 
of dihydroqaphthalene. J , 

CH, 

/\/\ “ 


' OH 

/ 

CII., 


CH., OH .OH 

/\/\V / 

CH . OK CII., ! Cfl CII, 

+ HC1 

CH . Cl II CH, 

\/\/ . \/ 

CH, NR 

A soniQwhat different method of obtaining a morpholine 
derivative t has been devised by Stormer, 2 and consists in ie- 
ID. It. P., 105,408. 2 Annalen, 288 (1805), 89. 


! ' I in ijH, 


CH a NR 
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ducing a boiling alcoholic solution of ortho-nitro-phenacetol 
with tin and hydrochloric acid, whereby 2-methyl-pheno mor- 
pholine is obtained. 


O 


OI.> — CO . OIL 


\ 

NO.. 


/ 0 

I rv\ 


cri, 

\ I ' 
nh 2 ch— ch 3 

\ 

OH 

. o 

/\ 

/ CH., 


V 


/. 


CH—CH, 
/ 

Nil 

Nitro-phenacelol is obtained by the action of a mono-halogen 
ketone on the sodium salt of o.-nitrophenol. 1 


ONa 


NO, 


XGH, — CO . CPI, 


O 


~ NaX 


NO, 


CH, 

.1 

CO— CH, 


In a similar way a naphtho-morpholine may be obtained from — 

NO, 

Oil 


On the other hand, Vahlcn “ differs from Knorr'and coflsiders 
that it is the phenfmthrene portio n of the molecules which is of 
greatest importance in determining the physiological action of 
morphine. (Qverton has shown that phenanthrene itself has 
a narcotic action on tadpoles.) Vahlen considers that the 
“pharmacophore" of ftiorphine is the grouping — 


-o 
\ / 
c-c v 


1 D. It. P., 97,242. 


a Valilon, A e. l\ P., 47 (1901f, 3 G 8 . 
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and he prepared the hydrochloride of 9-amino 10-hydroxy- 
phenanthrene — 



OH NH a , HC1 

which he called “ morphigenine,” and from this he obtained 
“ epiosine ” — 

O — O 

\ / 

N N — CH 3 



by heating it with sodium acetate, alcohol, and methylamine 
under pr^sure. Epiosine, which to a certain extent resemble 
morphine and codeine in some of its physiological effects, is 
identical with methyl-diphenylene-iminazole, which has also 
been prepared by other investigators. 1 

Isoquinoline Alkaloids and their Derivatives. 

The most important of the opium alkaloids have already been 
dealt with, but there are several others of some importance, 
most of which are derivatives of isoquinoline. These include 
narcotine, papaverine, narceine, laudanosine, and laudanine. 
The physiological action of these alkaloids is generally not so 
marked as that of the members of the morphine group. The 
important alkaloids of Hydrastis canadensis , namely, hydrastine, 
berberine, and canadino, are also derivatives of isoquinoline, as 
also is corydaline, the chief Alkaloid present in Corydalis cava. 
Of these various alkaloids, hydrastine is probably the most 
important from the medical point of view, but various artificial 
alkaloids have been prepared from many members of this series 
by simple processes such as oxidation, many of which are of 
considerable therapeutic importance (e.g. cot^rnine). 

In considering these alkaloids, it will be found, that our 
knowledge- of their constitution is far more satisfactory than 

r * * 

1 Japp and Davidaon, J. C. S. t 67 (1895), 1 ; Ziucko and Hof, Ber., 12 
(1879), 16?4. 
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that of the alkaloids of the morphine group. In the majority 
of cases, not only is the constitution kndwn with a high degree 
of certainty, but in recent yea$s it has, in many cases, been 
confirmed by the synthesis of the alkaloid. •' 

Of the alkaloids of this group found in opium, narcotine a*id 
papaverine are present in the largest quantities. The consti- 
tution of the lattef has been determined chiefly by the work of 
Goldschmidt , 1 which leaves no doubt that the structure of this 
alkaloid js represented by the formula — 

ch 3 o/'\/\ 

>i 1 

|i ! 

I| N • 

i 

CII, 

I 


\/ 

OCH, 


OCH., 


This has been confirmed by the brilliant synthesis of papaverine 
by Pictet of Geneva . 2 


Clio 


Pictet had already shown r * that 
substances of the type — 


V 

CII., 


:\ 


NH 


\ 


on treatment with dehydrating \ 
agents, lose a mole- CH 2 

cule of water, giving ^\/ 
dihydro - isoquino- 
line derivatives of 
the type— • \/\ f 

• CR 


4 


II 


CO 

\ 

R 


CH., 

1 : 

N 


#1 Monatsh . , 4 . 714 ; 6, 316, 667, 954 ; 7, *485 ; 8, 510 ; 9, 42, $27, 349, 762, 
778; 10. 156, 673, 692; 13, 697; 17, 491 (1883-1890). 

2 Pictet and Gans, Bcr., 42 (1909), 2943; C. R., 149 (1909), 21*. 

3 Pictet and Kay, Ber., 42 (1909), 1973. * 



Ii8 


SYNTHETIC DRUGS 


In this way he succeeded in obtaining dihydro-papaverine l - 

CHo 


CH.,0 — ; 


/\/\ 


CH.,0 


CHo 


C 


CH., 

I 


x ^OCH 3 
OCII 3 

but this cannot be converted into papaverine by oxidation, as 
any attempt to do this leads to the disruption of the whole 
molecule. Papaverine could not be obtained directly by using 
(CH 3 0) 2 C 6 H 3 . CH ^CH . NH, instead of— 

(ch 3 o) 2 c 6 h 3 . ch 2 . cn 2 . nh 2 

ai the beginning of the synthesis, as the former substance is 
too unstable for this purpose. The difficulty was finally over- 


come by preparing- 


CH—OH 


CH 3 0; 


CII 

/\/ \ 

CH 


S\/ \ 


ch 3 o: 


N 

\/\ ^ 

C 

cn 2 


cii 3 o 


0 I *V\ 


H 


/ 


CHo 

I 

NH 

/ 

CO 


on. 




/\ 


OCH 


toCH, 


^/™oc II, 

OCII, 


1 Pictet and Finkelstein, C. R. t 148 (1909), 925. 

< 
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which on treatment with phosphorus pentoxide in xylene solu- 
tion loses two molecules of water with th(* formation of papaver- 
ine. The product thus obtained was in every way identical 
with papaverine obtained from opium. The first stages c*f the 
synthesis # are concerned witli the preparation of — % 




cn,o/\ 


/ J0 \ 


CHo 

I 

NHJIC 1 


and 


Hydrochloride of amino acetovoratrone. 


01 

I 

CO 

I 

• CH, 



0 CII 3 

Homovoratroyl chloride. 


The lirst mentioned is prepared according to the following 
scheme : — 


CH ,0 


CH.jO 


CII, . CO . Cl in CS a Cim 


CH/)' 




CH, 


Vcratrole. 

Amyl nitrito 011 , 0 , 
H- sodium othoxido CH 


Accto-voratrone. 


30- 


CH ,0 


CO— CH N— C 

IsonitrosotcoJi pound. 


| Stannous chloride. 


cnhU” C0 - CH - N ^-HCi 

Aminoacoto-voratrone hydrochloride. 

The starting-point of the other half of the synthesis is vanillin — 


CHO 

Qocn a 

OH 


Methylated 


Vanillin. 


CHO 

OoCH, 

OCH., 

Veratraldehydev 


HCN 
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CH(OH) — COOH CHo— COOH 


hydro 
lysis N; 


och 3 


HI 


ch,oh,ch 3 i 

+ Kon 


CIL — COOH 

loCH a 


;on 

OCH, ” OH *' ‘ rJVW,x OCH, 

Homoveratric 
acid. 

This homoveratric acid, treated with PC1 5 , yields the chloride — 


Homoprotocate- 
chuic acid. 


CHo— C0C1 

OCF a 
OIL, ' 


This on shaking with- 


CH,0/\—C0— CH 2 — NIL . HC1 

ch/J 

Amino-aceto-veratrone hydrochloride. 


in cold potash solution gives, by loss of IIC1 — 

CO 

CH 3 0/\/ \ch 2 — NH— CO— CIL— < <^>och 3 
CH 3 oU . 0CH 3 

w.Hch by reduction with sodium amalgam in alcohol yields — 


/Oil 

CII 3 0/\| y/CH '^CH 2 

CH 3 oV Nil 

/ 

CO 


CIL, 



which on dehydration gives papaverine, as previously described. 

Papaverine has only a slight narcotic action, being inter- 
mediate ii? this respect betweon morphine and codeine 1 Ac- 
cording to Bernard, 2 the chief opium alkaloids stand in the 


1 Schroder, A. e. P. P., 17 (1883), 96. 

2 Bernard, C. R., 59 (1864), 406. 
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following order in regard to their power of causing convulsions : 
thebaine, papaverine, narcotine, eodotne, and morphine. Of 
these J% thebaine is the only ojio producing strong tetanic con^ 
vulsions. Of the alkaloids not mentioned in this list, ljjudano- 
sine and laudanine have this property strongly marked* the 
former being slightly less andi^he latter slightly more active 
than thebaine iteolf in this respect. 

Laudanosine closely resembles papaverine in its structure, 
being the methyl derivative of tetra-hydro-papaverine. 


CH. t O; 


CEI3O 


GIL, 


■CH., 

N— CH, 


CH 


CH., 

I 


^^OCR 

OCIIo 


This was shown by Pictet and Athanescu, 1 who obtained it by 
the reduction of the metho-chlorido of papaverine with ti^ and 
hydrochloric acid, and resolution of the racemic compound thus 
obtained with quinic acid. The dextro-compouiyl ^as found to 
be identical with laudanosine. It has also been obtained by 
the reduction of papaverine to tetrahydro-papaverine, and 
methylation of /the latter, 2 but its complete synthesfs, which 
has been recently accomplished, by Pictet and Finkelstfin, 3 is 
of greater interest. Dihydro-pa\>averine was synthesized by 
Pictet’s general method for the preparation of this type of 
isoquinoline baso ( cf . previous pages), and the metho-chlorido 
of this compound # gave by reduction racemifc laudanosine, 
which .was then resolved as described above. This synthesis 
was corned out a short while before that of papaverine, and 
was therefore the first complete synthesis of an ofyimi alkaloid., 

1 Per., 33 (t900), 2346; C* R., 131 (1900), 689* 

3 Pyman, J. C. S 95 (1909), 1610. 

3 Pictet and Finkelstoin, C. R , 148 (1909), 295. 
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Narcotine and its decomposition products have provided 
material for an enormous number of researches. These are tpo 
\pumorous to he described here, they point to the probability 
of the structure shown in the accompanying formula. 1 


OIL, 


CII 9 < 




0 


CH, 


, N — OIL, 

CH 3 0 \/ 

CH 


CH— 0 


/\_ 


-CO 


\/ 

OCII 


OCH, 


Recently narcotine has been synthesized \ 
by Perkin and Robinson,' 2 who combined 
cotarnine and meconine — \\^ 

' CH, 


CH., 


/ 0 - 


/ \ 

\CIL, 


^/\ 


CO 


CEO II— N— CH, 0 

/ 


/ 


OCH, 


Cotarnine. 


+ HCII O0CII :l 

Meconine. 


thoreby obtaining racemic narcotine (gno^oopine), which was 
then resolved into its optically active constituents. Meconine 

* V°- 

,, l TKe positions of the methoxy], (OCII,), and piperonyl, CH./ 

{ No- o 

groups were doilotful, but have been finally established by Freund and 
Oppenheim. , Bcr., 42 (1'dOO), 10S4. 

a Perkin and Uobinson, I’roc . Gkem. Soc 26 (1010), 46 and 131. 
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was synthesized by Fritsch 1 in 1898, and the synthesis of 
cotarnine has very recently been acccftnplished by Salway, 2 so 
that the synthesis of narcoting is now complete. y 

The physiological action of narcotine is similar to/that of 
morphine, but less intense. Chemically it is closely related 
to kydrastine, the alkaloid to which the physiological action of 
Hydrastis canadensis is chiefly due. This latter alkaloid, which 
is an astringent and styptic, is used in uterine haemorrhage, etc. 
It was % first isolated in a pure condition by Perrins in 1862, :J 
and the first observations bearing on As structure weri # made 
by Power 4 in 1881. Since then the numerous investigations 
of Freund and of Schmidt have fully established the structure 
of this alkaloid. They have shown that it is represented by 
the formula — 


/ Cn *\ 

,0-f V CH, ' 


CII, 


“\n I !l N (TFT 

\/\ C h/ 3 

OH— O * 


Y-co 

OCII 3 

OCH, 


which only differs from that of narcotine by thc»abfconce of one 
methoxy group. 

The alkaloid present in largest quantities* in hydrastis is 
berberine , but its physiological action is not very marked, and 
hence^it does not play so impo:^ant a part as fiydrastine. It 
is also found in a large number of other plants, ancf was first 
discovered fti 1826 in the bark of the prickly ash. 5 It has the 
formula C, J0 H 17 NO 4 ^+ H 2 0, and the work of W. H. Perkin, jun., 
and others indicates that the probable formula of the substance 
is as shown.* 1 # 


1 Friflkcli, Annalen, 301 (1808), 351. 

~ Sal way, J. G. S. , 97 (1310), 1208. 

;J Pharmaceutical Journal [2], 3 (1842), 546. 

* Ibid. [3], 15 (1884), 297. 

5 Chevalior and Pellefcau, Journal de Chimie Medicate , 2 (li>26), 314. 
H'erkin and Robinson, J. C. S., 97 (1340), 305. . 
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CH -\ I 

X0 -l/\n/ MH 


ii 

lie 
I 

nA 


\ 

OH 


h^och 3 

OCII 3 

Berberino. 


This is related to that of hydrastine and narcotine, and 
is still more closoly related to that of corydaline, the chief 
alkaloid in Corydalis cava. Corydaline was discovered in 1826 
by Wackenroder, and the formula shown herewith was sug- 
for it by Dobbie and Lauder.' 2 


CH,9 


CII 3 0 


CH, 


\CH. 

I 

/ N \ 

cn \ 

I 

CH., 


1IG /C W 


CH— OIL. 

/ 


lie y/ C—OCll, 
v OCH 3 


An alkaloid which may be regarded as an isoquinoline de- 
rivative, although it does not actually contain the isoquinoline 
ring, is narceine. It is found in opium, but does not have a 
well-marked physiological action. It can be obtained from 
narcotine by heating the metho-chloride of the latter with alkali. 

C 22 H 23 O^N p GH 3 C1 + NaOH = NaCl ,+ C 23 H 27 0 8 N. 


1 Bcrz. dahre&b 7 (1828), 2?0. 


V. C. S'., 83 (1903), 605. 
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This fact led Freund and Frankforter 1 to suggest the formula — 

V CH, 


/O 

UH <o- 




N(ciy, 


ch 3 o 


ch 2 

' I 

CO 

| COOII 

s\/ 

\ II . 

\/ock 3 

ociij 

for narceine, which indicates that it is formed from narcotise* 
by the rupture of both the lactone and the pyridine rings. 

One of the most important “ artificial alkaloids ” that are 
obtained from the true alkaloids of the isoquiqpline series is 
cotarnine. It was first obtained, together wifti opianic acid, by 
Wohler 2 in 1844, by the oxidation of narcotino with manga **£3 
dioxide and sulphuric acid. This substance resembles narceine 
in the fact that in the free base the pyridine ring is opened out, 
but in the salts which are formed with elimination of water, the 
ring closes and derivatives of di-hydro-isoquinoline are formed. 

CII., 


CH, 


/ 


0- 


yy \ch 2 

\)\ Ah - 

CIIO 


-CII, 


+ IIC1 


cup 


= CII./ 


, 0 -* 

\)- 


CTJ, 


J II 

0C1} 3 


CII., 

f ■ + HjO 

N — CH 3 


CII Cl 

There is some evidence that tho free base afso exists as an 
isoquinolino derivative of this quaternary ammonium form 
whei^dissolved in alcohol. 3 This alkaloid is of inrportance in 
medicine as a styptic and as a uterine sedative%and has bees 

1 Annalen, 277 (1893), 20. Ubid ., 50 (1^44), 1. 

3 Dobbie, Lauder, and Tinkler,^/. C. S., 83 (1903)f698. 
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brought into the market under the name of “ Stypticine,” and 
its phthalic acid salt under the name of “ Styptol” 

Hydrastine, on oxidation with MnCX, and H 2 SO.j, behaves in 
^ 'j very similar way to narcotincf, yielding opianic acid and a 
basic substance, hydrant in ine, which corresponds to cotarnine — 
GHO 

I ' , GII, 

/\__COOH 

C 21 H 21 O 0 N \ + CH / 4 

+ n.,p + o) . . + . mti 


Physiologically, hydrastinine resembles cotarnine very 
closely. 

Tt has been, shown by Pyman, 1 that laudanosine, on oxidation 
with Mn0 2 and behaves in a precisely similar way to 

ncr;*otine and hydrastine. The products are a basic substance, 
4-5 dimethoxy-2 /3 methylaminoethyl-benzaldehyde, and vera- 
traldehyde, the former being analogous to cotarnine and 
hydrastinine, and the latter corresponding to opianic acid. 
GIL, 


CH 


N— OIL 


OCH 3 

)°ch 3 

/ CH., 

yS\/ \ 

I! CH. 


N— CH., 


' Pyman, J. C. S„ 95 (1909), 1266. 


OCH, " 


+ OHC— ^ ^OCII, 



\ 


ALKALOIMS: MORPHINE AND ISOQUINOLINE GROUPS 12 7 


ri 


The former combines with acids to form salts of the isomeric 
iso-quinolinium hydroxide, in just the same way as do cotarnine 
aird hydrastinine. * 

Of 'these, the chloride, \\4dch is G-7 dimethoxy-2 methyl/ 
3-4-dihydro-isoquinolinium chloride, has been introduced into 
practice under the name “ Lodal ” — 1 * 

t 

CTT, 


CH..O; 


cn,o 


,S\/ \ 


err, 

N— *CII„ 


CH CJ 


It causes a rise of blood pressure, and renders the neari-oeai 
slower and stronger. 

Other pressor substances which have boeiix>btained front 
isoquinoline alkaloids will be considered in ttoenext chapter. 

It is of interest to note that the N-methyl derivati\gg»of 
tetrahydro-isoquinoline (narcotine, laudanosine, an 3 hydrastinc) 
are convulsant poisons, while those derived from dihydro-iso- 
quinoline (cotarnine, “ Lodal,” and hydrastitiine) are not. This 
relation does not hold for those derivatives, such as papavfeftne, 
which contain no methyl group attached to the nitrogen. 4 

More recently it has been shown - that emetine, C 29 H 4k 0 4 N 1 ;, 
and cephaeline, C 28 H 38 0 4 N 2 , the chief alkaloids of ipecacuanha, 
are derivatives of isoquinoline, as the former on # oxidation gives 
G-7-dimethoxyisoquinoline-l carboxylic acid, 

COOl i 



which is also an oxidation product of papaverine. It was also 
shown that emetint* is the monomethyl ether oj» cephaeline, the 
former being C 2 r,II., 8 N 2 (OOIl 3 ) 4 , and the latter, 
C,,II aa N 2 (OII)(OCII 3 ) 3 . 

^hese alkaloids have attracted considerable at^ntion recently 


1 Wollcome and L'yinan, ratont (190^, Si 4. 

-Carr and Pyman, J. C. 6’.^105 (1014), 150]. 
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owing to the valuable effect of emetine hydrochloride in the 
treatment of amoebic dysentery. It appears to have a specific 
effect on the protozoal parasites just as quinine has on those of 
malaria. < 

According to Pyman , 1 the protozoacidal elfects on this para- 
site ( Entamaba histolytica) of emetine, cephaeline, N -'methyl - 
emetine, and N-methyl-cephaelme are practically equal. Various 
other interesting facts concerning the relation between chemical 
constitution and physiological action in this field are given in 
the same paper. f * < 

In some cases the use of the double iodide of emetine and 
bismuth has been found to be more advantageous than that of 
emetine hydrochloride itsplf. 

Recently two more alkaloids have had their constitution 
established by Perkin , 2 and shown to be isoquinoline derivatives. 
These are cryptopine and protopine, both of them occurring in 
very small quantities in opium ; the latter is also obtainable 
many other plant sources. 


Pyman, J. C.S., 111 (1917), 1127. 


’ 2 J. C. S., 109 (1916), 815. 



CHAPTER IX. 

ADRENALINE AND OTHER DERIVATIVES OF ETIIYLA MINE. 

Within recent years, a large number of ethylamine derivatives, 
possessing powerful physiological action, have been isolated from 
various plant and animal sources. Marty of these are derivatives 
of para-hydroxyphenylethylamine, II Q<^ ^>0H g — CII 2 — NH 2 , 

and have the property of producing effects very similar to thos^ 
produced by stimulation of the sympathetic "t-fvous system, 1 
one of the most notable of these being rise*of blood pressure. 
Para-hydroxyphenylethylamine is present in aqueotts extracts 
of ergot, and other closely related substances are also found in 
various plants, but the most important compound of this class 
is adrenaline, HO< ( ^ >CII(OII) — GIL — Nil — CH,, an active 

principle which has been isolated from the suprarenal glands. 
It was first obtained in the impure condition by Abel and 
Crawford, in 1897, 2 and in a more pure condition t^ie benzoyl 
derivative by Abel, in 1899. 3 It was called epinephrine by^ 
these investigators, and it was also isolated by Ron Fiirth, 4 who 
gave it the name suprarenine. The name adrenaline ^as first 
given to it by Ts&amino, 5 who was also the firs'# to obtain it 
in a crystalline condition. He proposed the formula CjjjII^O.jN 
from the resists of his analyses, and also made the first observa- 
tions throwing some light on its constitution, as he obtained 
• « 

1 Barger and Dale suggest the term “sympathomimetic” to describe 
this actiWoT • 

Zeit.jpliy&iol. Client., 28 (1898), 318. 

:l Amert Journ. of Physiol., 3 (1900), xvii.-xviii. ; Proc. of^*&r. Physiol. 
Soc. (1898), 3. • 1 

• 4 Von Fiirth, Zeit. phymol. Chem., 2941900), 105. 

B Takamine, Amer. Journ. Pharm r <\(l901), 523; Proc. Physiol. Soc. 
(1901), xxix.-xxx. ; D. R. P., 131,496. 


n 
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substances from it supposed to be catechol and protocatechuic 

OH 


HO - 


acid, 


, fT and HO<~ >COOH. 


V 


SJhortly afterwards it was isolated by Aldrich by means of 
a somewhat different method, and he gave to it the formula 
C,,H 13 0 3 N, which is now universally accepted. Abel still pre- 
ferred the formula C 1(J H l3 0 3 N,HI 2 0, which corresponds to 
almost identically the same composition as C () II 13 0 3 N, but he 
brought forward no evidence to show that it contained water 
of crystallization. Pauly 1 confirmed the formula C 9 H 13 0 3 N, 
and suggested that it contained the groupings — 

H : II 


I 

- 0 - 


-C- 


-N 


/ 


H 


V CIL 


-Clio— Nil— CII 3 or 
I 

CHo— Oil 

Fiirth - had^already suggested the formula (HOJ/VHjf 
[Cji a (OHjNH — OIL,], as he had found that it did not con- 
tain a rnethoxy group, and that it yielded rnethylamine salts 
on treatment wi^h concentrated acids. Jowett 3 confirmed 
the' formula C 0 II 13 O 3 N, and from the products of a potash 
fusion isolated a small quantity of a substance believed to be 
protocatechuic acid, but obtained more positive evidence by 
methylation and subsequent oxidation, by which means veratric 
' OOF.. , 

'\ofcii, 

was obtained, and he therefore suggested the 


acid, 

OOOII 

alternative fotmulac- 


II — C— OH 

CHo—NH — CH 3 IIO — OH — N II — CII { 
I.V II. 

1 Pai/.y, Bcr., 36 (1903), /pit. 


OH ' 

0 ” 

I 

H__C-NH— CIL 

' I ~ 
oil,— on 
in. 


-Voii Fiirth, Beitr. CJu 11 . Physiol. Path., 1 (1901), 243. 
3 Jowett, J, 0. S.,8f’^304), 192. 
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with a preference in favour of I., which is the formula at present 
accepted as representing the constitution of adrenaline. 

In 1904 Friedmann 1 showgd that the benzenesulphonyl de- 
rivative of adrenaline on oxidation yielded the corresponding 
dorivatjve of a ketone adrenaloiic, which he also obtained by 
the action of methylamine on chloracetyl-catechol — 

* HO; >— CO— OIL, -Cl, 

HO 

and w|jich, therefore, has the constitution — 

CO-CH. 2 — ifH— CH. ( , 

no 

and this confirms Jowett’s formula fo^ adrenaline. 

From this time onwards, the chemical investigations of 
adrenaline have had as their chief object the synthesis of 
this important and valuable substance. The ^ drenalone T>f 
Friedmann can be obtained by the actigi/of an excess of 
methylamine on chloracetyl-catechol, the resultant^ base 4u,ing 
precipitated by ammonia." 

OH OH 

Cl . CO . CHoCl /\OH H— NH-tlT. 

Chloraeetyl-chlorido. \/ Methylamine. 

CO— CH,— Cl 

Chloracetyl-catechol. 

OH 

01 


CO— CHo — NH — CH 3 

Mothylamino-ac^o-catochol 

(adrenalono). 

The reduction of this ketone to the corresponding secondary • 
alcohol (adrenaline) presented great difficulty, but it was suc- 
cessfully accomplished by electrolytic reduction or by the 
action- A aluirynium amalgam on the sparingly soluble sul- 
phate^f the ketonic base. 3 _ 

# 1 Be Ur. Chem. Physiol, mid Patholoaic, 6 (1004), 92 

2 Stolz, Bcr. t 37 (1904f 4149; D. R. V, 152,814 ; English Patent (1903), 
25,480; Dakin, Proc. Roy. Soc., 76. B (\05), 491. 

3 D. H. P., 157,300; also Dakin, loc. 
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co— oh,— mi— cn 3 


PI — C(OII) — OH 2 — NH — C1I 3 


Another method for the synthesis of adrenaline starts from 
3rotocatechuie aldehyde. This on treatment v(ith hydrocyanic 
kcid fields the cyanhydrin, which is then reduced to an amino 
vhich can be converted to adrenaline by methylation. This 
noth on is not used contmcrcially. 

10/ \CHO — > HO/ CH(OH)— CN 

110 HCN IPO 

> 110/ \ — CH(OII) — CII 2 — NH V 

HO” | 

l 

CH(OH)— CH — Nil— CH, 
IIO 

r The product thus obtained is the racemic form of adrenaline, 
which is less active than the naturally occurring lievo-rotatory 
variety. 

The resolution of racemic adrenaline into its two optically 
activ^ components has been accomplished by means of the 
fractional precipitation of its salts with tartaric acid, and also 
by means fcnicillium glaucum) The synthesis of natural 
^adrenaline is therefore complete. 

The methylenp and dimethyl ethers of adrenaline have been 
synthesized by means of a different method, 2 but unfortunately 
these could ncft be transformed into adrenaline* itself. 


y°\ 

/ )CIL, 


cir 3 -M g -i 


CHO 

Piporonal 


ClI . OH 


1 Flacher, Ztit, physiol. ChemJ.ffi (1908), 18$, 189; and also Meister,* 


< 1 Flacher, Ztti. physiol. ChemJj: 58 (1908), 

Lucius, and Briining, D. R. P-, 22>’451. 

9 Barger ahd Jowetl;, J. C. S^ sl (1905), 967. 
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heating 


/°\ 

/<_>»* 
l l V " 
\/ 
on 

ii 

cu, 


Bromine 


X ;CH„ 


/°\ 

' | O 


oft* 




a 


( W C 


I I O 

\/ 

(Jllli/ 

I 

Oil., Hr 


. /\.../ 
— > 1 


ou, 


mothylaminc 

GH (0 H) — CTIjjBr CH(OII) — CPI. — Nil — CH S# 

The methylene other of adrenaline thus formed has a physio- 
logical action similar to that of adrenaline itself. Similarly 
OCll t 

veratraldehyde, 


Clio 


1 ,f ’ was transformed 1. iio the dimethyl- 


ether of adrenaline, 


OCH, 

.OCH, 


, although 


CH(OH) — CII., — Nil — CII 3 ‘ ^ 

this was only obtained as a syrup. Although by the action of 
phosphorus pentachloride on the methylene etherf Bargfcr and 
Jowett (loc. at.) were unable to obtain a chlorinated com- 
pound which should yield the dihydroxy-compouhd*with water— 

,0— ch 2 O— CC1, 

I 

o 


GHBr 

I 

CH 2 Br 


JHBr 


GH.,Br 
OH 

0 ° H 

Oi l (OH) — CH,, 


Bottcher 1 states that an exces\ of phosphorus^ pentachloride * 
1 Bottcher, Bcr.. ^AlOO'Jh 29 H. # 
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OH 

/\OH 


gives J 


, which with aqueous methylamiue 

\ OPT (OH) — CII 2 Br # 

yields a physiologically active base, supposed to be adrenaline. 
Pauly, 1 however, considers that Bottcher has not proved the 
formation of adrenaline by this' method. 4 

Considerable light has been thrown on this reaction by 
Mannich, 2 who showed that a mere direct replacement of the 
halogep by the methylanjinogrdup does not take place in c chlor- 
or bromhydrins of the types — 

# /°\ 

CH,( )(5,TI,--CH(OII)~CIl,Br 

“\ 0 / 

um ^ (CH 3 0) 1 ,C^P— CH(OJT)— CII,Br. Under the influence of 
methylamine, hyd^obromic or hydrochloric acid is lost, result- 
ing is; the formation of an unstable oxide of the type — 

/°\ 

(CH 3 0) 2 C t; H-CH-CII„ 

vhich then reacts with more methylamine to form bases of 
the adrenaline series, e.g . — 

/Oil 

X CII.,— NH— CH, 


or of the isoadrenaline series, e.g . — 

« t (CII a O) 2 CJf 3 -r CH< 


,NH — CPI.,* 
"CH., — OH 


Mannich and Jacobsohn 3 succeeded in preparing the methyl- 
ene and dimethyl ethers of adrenaline in a pure state, and 
they also obtained the methyl ether of /^methylyadreni^rk^ by 
the action of bromine on methyl-isoeugenole. * 


1 Pauly, Per., 42 (1909), 184* « 

2 Mannich, Arch. Phar?n.,/±% (1910), 127. 

’Mannich and Jacobsobn^po/Zicfe. Zeitg ,, 24 (1909), GO. 

/ / 
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CH 3 0/ Y—CH=CH— ch 3 

CH.,0 


> Cllli)— CH., 

(JU a O * 

> C[I :) 0< )— CH(QH)— CIIBr- Oil., ' . 

CU ;l O 


v 


CH.,0<_y~CH(0H)— CH— NIl-i-CH, 

Cl LO • # 


This then gives /^-methyl-adrenaline — 


— CH-r-NH — OIL, 

110 | 

0H 3 

on treatment with hydriodic acid. According *o Kobert tkls 
substance has not the physiological action ^adrenaline. 

Meanwhile an extended physiological investigation W.‘ ad- 
renaline was carried out by Elliott, 1 who confirmed and ex- 
tended the earlier work which Schafer and Oliver, and Langley 
had carried out with extracts of the gland. In gen^iyd, the 
effect of adrenaline on any structure is similar to that which 
follows excitation of the sympathetic nerves supplying the 
tissue. If administered subcutaneously or locally* to iiwjcous 
surfaces, it causes very marked constriction of the blood-vessels, 
and so arrests bleeding. In moderate doses, sifbetitaneous in- 
jections produce no general systemic effect, very much larga^ 
doses being needed to raise the blood pressure* by this means. 

It is of interest to note that there is a very marked differ- 
ence yi the physiological activity of the naturally occurring 
hevo-adrenaline and the dextro isomeride, this being one of 
the very beSt examples of difference in physiological behaviour- 
between stereo-isoij/erides. It was shown by Oushny a that 
natural hevo-adrenaline acts approximately twTce as strongly 
in iifCi easing tiie blood pressure as synthetic racemic-adrena- 
line, «nd presumably also on the other organs fleeted by 
* adrenaline. From this it was inferred that ^-55renaline wau 
• %. 

1 Elliott, Journ. of Ph-^teul., 32 (1905), 401? 

2 Cushuy, Journ. of 37 (l^p>s), 130. • 
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inactive on these tissues, and this view was apparently con- 
firmed by an examination of partly isolated ^-adrenaline. The 
general character of these results was conlirmcd by other 
tvorkers, 1 but subsequently Cuslmy 2 showed that ^-adrenaline 
is not quite inert in this respect, but has an activity about 
one-twelfth of that of /-adrenaline, so that the action of r- 
adrenaline is almost entirely due to the /-adrenaline contained 
iu it y 

The synthetic racemic mixture can be completely converted 
into t4'e desired active component. Either the dextro or the 
Iubvo compound can be racemized by treatment with acids ; the 
inactive mixture is then resolved iuto its components, and 
the isomcride not required can then be again racemized and 
subsequently resolved, this process being repeated as often as 
required. a The authors of this method state that the dextro 
compound als^V^ossesses valuable therapeutic properties. 

The therapeutiV ‘ Ses of adrenaline are very numerous, and 
a rnSi'e list, of the references to the literature of this subject 
would fill pages ; an account of many of these publications 
is given in Merck's Reports during the last fifteen years. 
AdremJine is largely used in conjunction with cocaine and 
«*\ucaine, as it produces a localized amnmia, and so checks bleed- 
ing, and it also appears to neutralize the toxic effect of cocaine. 
The Action ‘of adrenaline in producing ischaemia finds applica- 
tion in a variety of complaints, hay-fever being an example. 

Adrenalin^ is also met with under the names of hemisine, 

• vtrenine, epinephrine, suprarenine, etc. 

Recent * 1 y various substances chemically related to adrena- 
line, and to a large extent resembling it in thoir physiological 
action, lyive been isolated from various plant and animal 
sources. Of these, pam-hydroxyphcnylethylamine, 

1 1 0<y > — CII, — CJL — NIL 

< 

which may be regarded as the mother substance of th^ series, 
is the most important. It was first prepared in small quantities 

* 1 Abderl.alden and Muller, Zeit. physiol. Chem.. 58 (1908), 185 ; Abder- » 
halden and Thits, Zeit. physiol. (1901)/, 22; Abderhalden and 

Slavy, Zeit. physiol. Chem., 55 (J9(/),129. 

2 Cushny, Journ. of J' hysiol., f If 259. 


D. H. P., 220,1)55. 



I • 

ADRENALINE AND DERIVATIVES OF ETHYL AMINE # I37 
jy heating tyrosine, 1 * HQ< ^ ^ >CIL, — CH — COOH, and it has 

Nil, 

i 

lince been obtained in small quantities from various ^mimaT 
sources.* Putrid meat has for some time been known to f>ro- 
luce a rise of blood pressure. (p # ressor action), and in 1909 it 
vas found that tins action was due to a number of amines,” of 
which para-hydroxyphenylethylamine had the most powerful 
iction. % The amines which showed this action in a weaker 
legree were iso-ainylamine, (CH 3 ) 2 CII — CII, — CII 2 — NHJ and 
)henylothylainine. It is almost certain that these bases are 
produced in the process of putrefaction by loss of carbon 
lioxide from the corresponding amino 'acids : — 


Para-hydroxyphenylethylamine, UO ^ ^ >CH, — CH, — NFL,, 


rom tyrosine, 


HO < >011,— CH 


/COOH 

\nh, f 



Phenylethylamine, C (i H r) — CH 2 — OIL, — 
'COOH 

tlanine, C r IL- CIL— CH( 

X NH, 


NIL, from phenyl- 


And isoamylamine, (CH 3 ),CH — CIL — CIL — NII 2) from 

/COOI1 

eucine, (CH,),— CH— CIL—CH<; . * 

X NII 2 

• • 

D utrid placental extracts had also been shown to produce ^ 
messor action, 3 and para-hydroxyphenylethylamine has been 
solated from such extracts. 4 

The drug ergot has long been used on account of its thera- 
>eutic properties, but it is very Variable in its activity, and 
equires to be physiologically standardized owin% to the un- 
atisfactory state of our knowledge of the alkaloids present 
n ergot. Recently, however, a great deal of l%ht has been 
hro.^. 5*1 the f chemistry of ergot by the work of Barger, 


1 Schmidt and Nasse, Annalen , 133 (1865), 214. * 

, 3 Barger and Walpole, Journ. of Physiol., 38 (1609), 343; Dale aud 
)ixon, ibid., 39 (1909), 25? V 

3 Dixon and Taylor, 13. M. J., II. (190 :i. 1150. 

*• Tf.r»«nn li nim .Tnn.vit nf QQ / I < I/* * V MM7 
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Dale, and others. The amorphous alkaloid ergotoxine 1 is 
physiologically active, but it does not possess all the character- 
istics of the action of ergot, and the small amount of this 
4\ilkaloid present in most pharmftcopuoial preparations of ergot 
led ),o frhe postulation of an active principle soluble in water. 2 
The physiological properties of para-hydroxyphenylethylamine 
suggested that it might he th'e expected active principle, and 
this ^xpectation was realized when it was shown to he present 
^ in aqueous extracts of ergot, 3 and to be the chief cause of their 
physiological action. t Not onfy has this substance been isolated 
from ergot, 4 but synthetic methods for its preparation have 
k been devised which have rendered practicable its introduction 
into therapeutics. Theae syntheses will be discussed together 
with those of other compounds of this series, but mention 
N should be made at this point of another base isolated from 
^(ugot. 5 This is /3 iminazolyl-ethylamino — 


Nlt-OTL 

| vC — CIL,— CTL, — NH., 

CH N 


and it is formed fiyjm the amino-acid, histidine — 

NIL, 

NII-CII. | 

| >C— CH„— CH— COOH 

CH — N/ 


by loss of carbon dioxide in just the same way as p.-hydroxy- 
phenylethylamine is formed from tyrosine. The action of 
^ ergot in producing gangrene of the cock’s comb is regarded G as 
being dfte to the alkaloid ergotoxine, and the rise in blood 
pressure is attributed to p.-hydroxyphenylefliylamine, while 
the powerful action of ergot#n stimulating the isolated* uterus 
to tonic contraction is caused by /? iminazoly^-ethylamiue. 
This substance, although it has a very powerful physiological 
action, differ^ from all the other active derivatives of ethyl- 


1 Barger and Carr, J. C. ,S\, 91 (1907), 357. 

- Barger and Dale, 13io-Chemical Jouryial , 2 (1007), 23U. # 

3 Ibid., l^t^Physiol Sue ., 15th May, 1000. 

< Barger, J?C. 6\, 95 (1900), 1123 ; English Patent (1909), 314. 

5 Barger ancLDale, Droc. Chem.dloc 26 (1910)f 128; J. C. S., 97 (1910), 
2592. / 

“Ibid., PR>c. Pltys^'l. Soc., uly, 1910, xxxviii. 
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amine described in this chapter in causing a lowering instead 
of a rise of blood pressure. • 

It has been introduced into medicine under the names oi 
Histamine and Enjamine . * 

The original method for the synthesis of p.-hycfroxy- 
phenylethylamine was by the reduction of p.-hydroxyphenyl 
acetonitrile, 1 HQ \* ) C11., — CN, and subsequently two othei 
methods of synthesis were described. 2 One of these is by ^th( 
nitration^of benzoyl-phenylethylamine, reduction of the result- 
ing para-nitro compound to the amine, which yields the^hen 
zoyl derivative of the desired product when diazotized ii 
boiling solution. This benzoyl derivative is then hydrolyzed. 

< T~ > CI1„— C1I.,— N1 [— COC„H . 

-> N0 2 <__>('Tt.,— CM, NH — COC^Hj 

— > N n.,< > CH,— OH,— NH— COC..H 

| uno., / ’’ 

tio< >cu,— err— Nil— coc„u 

1IQ< >0H,. — OH,, — NH,, 

The other method starts from anisic aldehyde, yi*TiO 

which, by the method of Perkin and Kobinson, 2 yields the acid 

C1I„0 ( CII, COOH. This is then converted jnt< 

the chloride, and thence into the amide — 

CIh,0< )C.IL, — CTf., — CO - N IT,, * • 

which by the Hofmann reaction is made to yield the amin 
CH,|Q\~ )CH., — CIi„— -NH,,. By means of ‘strong » hydro 
bromic acid, the methoxy group is converted iitto hydroxy 
giving para-hydroxyphenylethylamhie. 

p.-Hydrox 34 phenylethylainine has also been prepared fron 
anisaldehyde by Itosenmund, 4 who condensed the latter sub 
stance with nitrometh?me to prepare /i-nitro-p.-me1»hoxystyrein 
This is tl\&n reduced to p.-methoxyphenylethylamine, which i 
demetlylated with hydr iodic acid. 

1 Bargor, J. C. 6\, 95 (1909), 1123; English Patent (1909^/l. 

• 2 Bargor and Walpole, I. C. <S., 95 (1909), 1720 ; English Patent (1909 
1561. * 

3 Perkin and Robinson, J. C. S., 91 (1 ( -»\V), 1079. 

J Rosenmund, Ber., 42 (1909), 4778. > 
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Mf 

CH 3 0 G>H(0 + 1 1. 011 — NO, = CH.,0<^>CH ---- -CH— N0 2 

l 

* cn : ,o< ~ >cri.,— cn„— nh, 
* 

HO< >CII,-CII„— NH, 

This substance has been introduced into'pructicc under the 
nafie of “ Tyramine,” as the chief active pressor principle of 
v aqueous extracts of ergot, aivl being a pure chemical compound 
it lias the advantage in being certain and uniform in its 
action. 

Tyramine and adrenaline are representatives of two im- 
portant subdivisions of those pressor amines, the former being 
the simplest member of those derivatives of phenylethylamine 
^containing one phenolic hydroxyl group in the para position 
to the ethylamine group, and the latter being a representative 
of the compound containing two phenolic hydroxyl groups in 
the 3-4 position. Many other compounds of this type have 
been obtained by synthetic methods, and their physiological 
action determined. The syntheses of some of the most im- 
portant will now be considered, and the physiological action 
w dealt with subsequently. 

The simplest member of the adrenaline series (i.e. those with 
two phenolic hydroxyl groups in the 3-4 position) is 3-4 di- 

OCIL, 

0OCH 3 

CH, 

I 

Oil NOH 

« 


OCH 3 

, 0011 , 


och s 

OCH, 


Ih 

i ■ 

OH 

OH, 


Ozone 


Cil 2 

I 

CHO 


Sodium amalcam 


OCH, 

AOOH, 


nh 2 oij 


-> 

HI 


OIL 

ao ir 
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* > 

hydroxyphenylethylamine, H0\ )>CH 2 -— CH.,-— NH„. This 

v HO 

5ompoufid has been synthesized 1 from eugenol methyl ether, 
which by oxidation with ozorte in benzene solution in pre- 
sence of \vater gives the aldehyde of homoveratric acid.'* This 
s converted into the oxime, which on reduction with sodium 
imalgam and glacial acetic acid* yields the dimethyl ether of 
he desired compound. This ether is then converted into the 
lihydroxy compound with hydriodic acid in the usual manner. 

By the reduction of the oximes of pother aldehydes v ,and 
cetones, other members of these two series may be obtained. 
?or example, homoanisic aldehyde, CH 3 0 7 ^>CH 2 — CHO, 

jives p. -hydroxyphenylethylamine ; and para-methoxybenzyl-» 
nethyl-kctone, CII ;i O\ )>CIL, — CO — CII 3 , gives, when treated 
n the same way, p.-hydroxyphenyl-isopropylamine — 

CII, 

| / 

IIO< >— OH,— CH— NH, 

3-4 dihydroxyphenylethylamine (A) differs from adrenaline 
»y the absence of a methyl group attached to tile nitrogenjijid of 
■n aliphatic hydroxyl group on the side chain. An interesting 
ntermediate compound between these two is 3-4 dihydroxy- 
)henylethylmethylamine (B). f » 


OH 

on 

OH 

i"T n 

Aon 

Aon 

l J 

u 

U 

CII., 

I 

OH., 

OH— Op 

I 

1 • 

ch 2 

| 

CH. 

CH. 

1 ■ 

NH. , 

1 " * 

NH — CII 3 

1 U •* 
NH^CH,, 

(A) - 

(B) 

' Adrenaline. 


This, it will be observed, differs from adrenaline only by 
he g£scn<#e of tlje aliphatic hydroxyl group, and it is of interest 
a beij^g a connecting link between that substance and the 
iressor derivatives obtained from isoquinoline alkaloids 
Lodal cf. previous chapter). » It differs very^ little from 

1 Mannioh and Jacobsohn, h 'f., 43 (101Q), 189. < 
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adrenaline in the qualitative nature of its physiological action, 
but the rise of blood pressure, although not so intense, is 
more prolonged. This substance has been introduced into 
therapeutics under the name 6f “ Epinine .” It was obtained 
from l-keto-b-7 dimethoxy-2 methyl-tetrahydroisoquinoline 1 
by heating it with hydrochloric acid at 170-175°. The reaction 
probably takes place in the following stages ; — 


CFT.,0, 


OIL 

I OJI, 


on o ! I N - C1I » 

CO 


HO, 

- 

HO 


OIL 

1 OH, 


00 OIL 

1 

OH 


HO 


/ \ 

/ \ 

OH, 


HO 

/ \ 

\ 

- 




\ / 

| 

Nil 

\ \ 


HO 

\ / 


I 

n-ch 3 

/ 

CO 

OH, 

'V 

OH, 

I - 

Nil 

. I 

II OIL 


. H() 

i.e. H 0<^^>— OH, — OH, — NH — Cfl 3 


The corresponding propyl and ethyl derivatives were pre- 
’ pared in a precisely similar fashion. 

The other derivatives of 3-4 dihydroxyphenylefchylamine 
to be considered, are mostly prepared by thS same method as 
that us^d for preparing tha ketone adrenalone and adrenaline 
itself. In that method, which has been already described, the 
methylamine useddn the last stage of the synthesis of adrena- 
lone may be replaced by other amines or by ammonia. In this 

way Dakin 2 and Stolz 2 obtained the ketone — ^ 

« ^ - 

HO 

. t „>* IIO< 3 -CO-CH 2 -NH 2 

% 

1 £yman, J. C. S ., WJjfilQ), 264. 2 Loc . ct \ . 

/ 
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and its reduction product — 
v . HO 

no < > 01^—011, Nil, 
on 

• 

and also the substituted ketones of the type — 

(HO) 2 C,;H, . CO .'CIL, . NK,K.,. 

Before considering the physiological action of these substances 
with two phonolic hydroxyl groups, attention must be given 
to those synthetic products containing one phenolic hydroxyl 
group in the para position (i.c. those related to tyramine). 
Most of the compounds of this type resemble tyramine in being 
derivatives of phenylethylamine, C,.H S — G 1 L> — CIL, — Nils, 
rather than of phenylethanolamine, 

C t; H r) — CII(OH) — Clio — NIL, 

but one member of the latter class, and also the correspond" 
ing ketone, have been prepared and physiologically examined 
These are p.-hydroxyphenylethanolamine — ® 

HO\ )>CTI(OH) OH,— NIL,, 
and p.-hydroxy-w-amino-acetophenone- - * ^ , 

IIO< 7 _>-CO~ Oil, — NH.„ 

which could not be prepared by the method employed in the 
adrenaline series by using phenol instead of catechol, but which 
have been prepared instead by the following synthesis 1 (see 
next page). 

p.-lIydroxy-a>-chloro-aceto])henonc could nc$ be condensed 
with ammonia, but its acetate could be condensed with potas- 
sium phthalimide, and the resultant compound, A11 removal ol 
the phthalic acid by hydrolysis, yields the desired confound. 
The ketoiMi then gives the corresponding secondary alcohol 

HO(^ ^)CH(OH) — 0 H a - — NIL, by reduction with sodium and 

alcohol. * 

otker compounds of this series which have been physio- 
logicf^Jy examined differ from tyramine only in having one 01 
more of the hydrogen atoms of the amine groujVvepi^ced by 
alkyl groups. • • f 

1 Tu tin, Caton, and Hann, J. C. S ., 95 ( , 211'i 
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ahifnimum 

ehlorido 


CII,C1 

^nisole + chloracetyl chloride. p.-hydroxy-a>-chloro-acetophonoru 

| Acetic 

anhydAde. 

O . CO.CH, 


.ts 


CH S . CO ,'or>CO-CH r N 


/ C °\/\ 


,,ydroly '-> H0 <„>-C0 -cii,-nii„ 

with HC1 V — ' 

wl muse, viurunline, HOOCH, — CH 2 — N(Cn 3 ) 2 , is ai 
-lkaloidf first obtained front barley germs, 1 but it cannot b( 
btained frofia tyramine by methylation, as on attempting to d( 
his, no compound* but the completely methylated quaternary 
ubstance, hoidenine-methiodide — % 

IIO . C 6 H 4 . CII 2 — CH 2 . N (CH 3 ) 4 , * . 

ould be isolated. 2 A fortiori this method of direct meth;datior 
3 inapp'i&aMe to the preparation of p.-hydroxyphenylethyl 

or 

*L£ger, C. R 142 (1906), 103 ; 143, 234, 916. 

3 Barge;, J. C. S., 95 (1909), 2193. 
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methylamine, HO . C r> H 4 . CH 2 — CH 2 — NH . CH 3 . Both these 
compounds have, however, been prepar^l by synthetic methods 
The synthesis of hordenine was first accomplished according 
to the following scheme, whiclt is self-explanatory : — 1 


C 6 H f — CJ1 2 -~CJI 2 — OTI 

Phcnylethyl aJcoliol 
(commercial substance). 


PCI. 


l II . N(CH ;1 ), 


C, i H 5 -CH 2 -CH 2 -N(CII 3 ) : 

i hno 3 * 

• 4 /. 

NO.OCHj-CIIj-NfCn,), 


j Sn + HC1 

NH, — <P >-*011.— CIi.. ~N(CIi.,),, * 
l iino., 

HO — — CIL,— OIL,-— N (CII 3 )^ 


Very shortly afterwards, Rosenmund a obtained hordenine by 
the direct methylation of p.-mothoxyphei/ylethylamino •with 
alcoholic potash and methyl iodide, and separaiion of the 
primary, secondary, tertiary, and quaternary compounds thus 
obtained. The methoxy group is then converted into hydroxyl 
with hydriodic acid. Hordenine was also obtained by this 
investigator by the action of hydriodic acid on p.-methoxy- 
phenyl-trimethylammonium iodide — • • 


CH 3 oC_>CH 2 -CH.-N(CH 3 ) 3 I 

— > IIO<_3— CH 2 — CH.*— N(CH 3 )., 
Hordenine is manufactured by the methylatioi* of p. -hydroxy - 
phenylethylamine # with methyl chloride (CH 3 01). 

The p.-hydroxyphenylethylmethylamine — 

. HO\ Oil,— N TI— OIL, 

and p.-hydroxyphenylethylethylamine — 

I1(X *>CII, — CII„ — NH — C.JL, 
werewprepcft'ed the methylation and ethylation respectively 
of the acetyl or benzene-sulphonyl derivatives of p.-methoxy- 
phenylethylamine, the former by both methods, thS'iatVsr only' 


1 Barger, J. u. S. } 95 (1^09), 2193. 

3 Rosenmund, Her., 43 (1910), 30(% 
10 
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by means of the benzene-sulphonyl derivatives. 1 p.-Methoxy- 
phenylethylamine is prepared as indicated on pages 140-141, 
and the rest of the synthesis is easily understood from the 
accompanying scheme : — n 

CII/)<V^CTL— CH,— NH, -> (acetic anhydride) 

cn 3 o < d>civ-civ NH-~co.cn, (i.) 



CH a Ov__>Cn 2 — cn a — NH— SO a — C (i H, (II.) 

In the case of the acetyl derivative (I.), the substance (Iff.) — 


CH.,0< cn s — N(CH 3 )— CO . CTI., (111.) 

is formed by the ^ ITT 
aouion of sodium and 
methyl iodide, and 
this on treatment Hydrolyzed | ^ CH ;I 

with HI gives (IV.), with cone. j MCI 

which then loses its IIO<(_ ~^yCll. r -CU.r-N—lL ( v -) 

acetyl . group when | 

hydrolyzed with ^II 3 

concentrated HCi in sealed tubes. The benzene-sulphonyl de- 
rivative is treated in a similar manner, and the corresponding 
ethyl-amine is obtained by using ethyl iodide instead of methyl 
iodide. 


ho<3>cii 2 — cil— N — co . cti 3 (iv.) 


The Physiological Action of these Compounds.— The re- 
lation between the chemical structure and the physiological 
(sympathomimetic) action of amines has formed the subject of 
an extended investigation £>y Barger and Dale. 2 Dakin 8 and 
Loewi and .Meyer 4 had examined many of the ketones of the 
general formula (HO) 2 C G lI.> — CO — CH, — NBjRj/and the cor- 
responding secondary alcohols of the typ /x — 

(HO) 2 C (; H 3 — CH(OH) — CII 2 — Nl^R, 


yj»*Wilpole, J. C. S., 97 (1910), 941. 

2 Barger and Dale, Journ. of Physiol., 41 (1910), 19-69. 
:l Di^kin, Proc. Roy. Soc., 76 B (1905), i98. 

4 Loewi and Meyer, A. e.P.P., 53 (1905), 218. 
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and they found that in most cases, as for example with adrena- 
line itself, reduction to the secondary alcohol greatly increased 
the adrenaline-like action, but where B x and R 2 represent 
relatively complex radicles, iJhkin found no such increase c^‘ 
activity on reduction. The physiological effects examined by 
Barger and Dale were not confined to rise of blood pressure, 
but included dilatation of the pupil, action on the cat’s uterus, 
etc., for the details of which the original paper should be con- 
sulted. Besides the various compounds that have bedfi de- 
scribedP in the preceding sections? of thig chapter, varioyfcother 
amines wero examined. 

Of the various aliphatic amines that were investigated, the 
only ones which were found to produa*) a marked rise of blo»d 
pressure were the higher open-chain primary amines, such 
as ainylamine, Cr ( H n . NIL,, and hexylaminc, C, ; II 13 . NIL. Of 
these, the normal compounds with unbranched side chains \tf?re 
found to be more active than the corresponding iso compounds 
with branched sides chains. Trimethylafnine, N(OTL^, has 
practically no pressor action, and neither has tetraethylam* 
monium iodide, N(C.JI r> ) 4 I. Cadaverine, NEL . [CIL] ri . NII 2 
the only diamine examined, was found to have the "opposite 
action (depressor instead of pressor). * 

A large number of fatty-aromatic amines without a 'phenolic 
hydroxyl group were also investigated, and it was "found thal 
marked sympathomimetic action was associated only with those 
containing an amino group attached to the second cat bon atom oi 
the side chain. /Lphenyl-ethylamine, C t .H r , — CII 2 — CEL — NIL 
for example, produces all the characteristic sympathomimetic 
effects, in the series containing two phenolic hydroxyl groups 
in the 3-4 position, the introduction of an aliphatic Jiydroxy 
in the /3 - position of the side chain, and the meth^Jation of the 
amino group have an important effect in intensifying the action 
but in the present geries, this does not hold, methyl-phenyl- 
ethylamine, C {i II 5 — Clio — CII 2 — Nil . CH 3 , phenylethanolamine 
C t .,H r) — Cft(01If — C1I 2 — NIL 2 , and methyl-phenylethanolamine 
CjjH^ -CH (OH) — CH 2 — N II . CII 3 , differing but Ht% in then 
jiction from phenylethylamine itself. /lc.-tetrah}^r w a^-naph- 
thylamine — 
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which may he regarded as a derivative of this type, is more 
'active than phenylethylamine in producing a rise of blood- 
pressu e, but is less active than p.-hydroxyphenylethylamine 
(tyraina e), the simplest member of the next series, namely: — 
Amines with one Phenolic Hydroxyl Group. — The sources 
and preparation of many of these have already been men- 
tioned. Methylation of the amino group produces very little 
increase in the activity, HO — C,.H 4 — CH. 2 — CH 2 — NIT . CTIy 
(see page 145), being only very slightly more active than the 
primary amine, while the ethyl derivative — 

IIO — C^TI 4 — CII 2 — CII 2 — NH — CJI 0 
is less active than either the methyl derivative or the parent sub- 
stance. The tertiary base, HO — C, ; H 4 — CPI, — CII 2 — N(CH U ) 2 , 
which is the alkaloid hordenine, has a relatively very 
weak action, but the quaternary base, hordenine methiodide, 
HO— C u H 4 — CH 2 — CH 2 — N(CH 3 ) 3 I, although it has no sym- 
pathomimetic action, is of interest as it is one of the few 
exceptions to the rule of Crum Brown and Fraser that quater- 
nary bases ljaye a curare-like action. Instead, its action re- 
sembles that of nicotine, which is a physiological antagonist ol 
curare. 

Destruction of the basic property is accompanied by loss of 
activity, acetyPp.-hydroxyphenylethylamine — 

HO— C U H,— CH 2 — CIL— Nil . CO . CH 31 
for example, being inactive. Tyrosine ethyl ester— 

y COQ-C 2 H 6 

IiO— C fl H 4 — CH.,— CH< 

\nh 2 f *■ 

] so inactive. A phenolic hydroxyl group in the 3 position is 
1 '.s s&tK'o as in the 4 position, the meta-hydroxy compound, 

“T ■ — €H 2 — NII 2 , closely resembling the corresponding 


/ 
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para-derivative (tyramine), but in the 2 position it has no effect 

.OH 

ortho - hydroxyphenylethylamine, / > — CIL — CII 2 — NH 2 

being no more active than phenylethylamine itself. * 

Amines with two Phenolic Hydroxyl Compounds. — The 
following compounds in which the two hydroxyl groups are ir 
the 3-4 position*were tested 

(a) Derivatives of accto-calcchol (ketones). 

• • 

(1) Amino-acoto-catechol, (I10) 2 C (} liJ — CO — CII 2 — flB 2 . 

(2) Methylamino-aceto-cateehol — 

(HO) 2 C ( .H 3 — CO-CII 2 — Nil— CH a . 

(3) Ethylamino-aceto-catechol — 

(HO) 2 C ( ;H ;{ — CO — CIIj, — NH — C 2 H v 

(4) Propylamino-aceto-catechol — 

(ho) 3 c (J h 3 — co . cn a — Nil— C a H 7 . 

(5) Trimethylamino-aceto-catechol chlcf:ide — 

(HO) 2 C,.II 3 — CO — Clio — N(CH 3 ) 3 C1. 

(b) Derivatives of ethyl-caterjiol. 

% 

(6) Amino-ethyl-catechol, (HO) 2 C (i H ;{ — CH 2 — CII 2 — NH 2 . ^ 

(7) Methylami no-ethyl-catechol — 

(HO) 2 C,.H 3 — CII 2 — CII 2 — NH — CIIj 

(8) Ethylamino-ethyl-catechol — 

(HO) 3 C B H 3 — CH a — CH a -mi—CM' A 

(9) Propylamino-ethyl-catechol — 

(HO) 2 C 0 H 3 — CII 2 — CH 2 — NH — -0 3 H 7 . 

(10) Trimoth^lamino-ethyl-catechol chloride — 

(HO) 2 C lt H, — CIIj — -CH., — N (CII,) 3 (Jl . 

• 

(c) Derivatives of etlianol-catechol (secondar if alcohols). 

• 

(11) Amino-ethar^ol-catechol — 

(H0) 2 C„HjCH( 01I)— CII.,— Nil.,* 
f!2) ]\fethyl«,mino-ethanol-catechol (adrenaline) — 

• (HO) 3 C rt H 3 — CH(OH) — CI1 2 — NH — CH ;[ . 

9 And also — ** . 11 

(13) 2-4 dihydroxf-w-amino-acotophenone 1 — • <‘ na l 

1 Tutin, J. C. S. } 97 (19U0), 2495-^524. • ^ 
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Oil 

HO<^'> — CO — CH 2 — NIL. 

v ^ was ^ound that catechol itf ;lf has no sympathomimetic 
action, although it produces a rise of blood-pressure. The 
following table shows the comparative strength of the action of 
the various amines in causing a rise of blood-pressure 


Suk.tc'iiKMi (numbered as before). 

r (l) (TfN 2 C fi H 3 — CO- -CH.j — NH„ 

(2) (HU.C„H, -CO-CHp-NII— CH, 


(3) ( HO)oG,.H 3 — CO — C1I 0 — N H — C..H . 
(1) (HOJaC.ITj-OO— CH^-NH—0 ;h: . 
(6) (HO) a C t .H ; , — CH., — CHo — NIL ' . 
(0 (HO) 2 CaH 3 — CHj — CH.j-i.NH — CII 3 . 

(8) (HO) a C r ,TI 3 — CHo— CH a — NH — C 2 H-, . 

( 9 ) (HO) a C fi II 3 — CH 2 — CH a — NH — C.,H 7 . 
(11) r- (HO).,C ( ,H. { — CII(OH) — CH., — NH., . 
(LX, -- (H 0 )oC fi H ;< — CH(OH) — CII3 — NH— 


CIL, (r-adrenalino) 


Ratio of 
activity. 

1 - 5 

2 - 25 
0-25 
1*0 
5*0 
1*5 
0*25 

50 

35 


Tim ratios showi) are only approximate, and vary to some 
extent with the sensitiveness of the animal. The compound 
- numbered (7), which was obtained from an isoquinoline de- 
rivative^ causes a more prolonged rise of blood-pressure than 
adrenaline. The quaternary bases numbered (5) and (10) re- 
semble hordenine-metliiodido in having a nicotine-like action. 
This is lesR'than that of hordenine-methiodide in the case of (5), 
and greater in the case of (10). Although these bases produce 
a rise of type^ -pressure, they are not included in the above 
table, as their action is not truly sympathomimetic, as is 
evidenced by tlieir action on other organs. The substance 
numbered (13) on the list, having tho hydroxyl groups in the 
2-4 position, & no more active than the corresponding com- 

pouna Ht><^3— CO— CIIji-NII.,, having one hydroxyl in the 
4 position. 1 , 

Further evidence of the non-significance of a hydroxyl 
group in the 2‘position is shown by tho triRydroxy compounds, 
HO OH , * . 

amino-aceto-pyrogallol, I10< ) — CO . CH.,— NH. 2 , and aenino- 

, * " no oh 

ethyl-pyrogaltol, HO< )--CH,— 0H,~klL. which, although' 
more susceptible ffo .oxidation than the 3-4-dihydroxy com- 
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• .... * 
ounds, show no increased sympathomimetic action in com- 

arison with the latter. 

The main conclusions are summed up by these investigators 
3 follows : — ^ 

“ (1) An action simulating that of the true sympathetic 
ervous system is not peculiar to adrenine, but is possessed 
y a large soric^ of amines, the simplest being primary fatty 
mines. We describe all such amines and their action as 
sympathomimetic.’ 2 

“ (2)* Approximation to adreitiue in structure is, <m\ thoi 
/hole, attended with increasing intensity of sympathomimetic 
ctivity, and with increasing specificity of the action. 

“ (3) All the substances producing this action in character- 
stic manner are primary and secondary amines. The qua- 
srnary amines corresponding to the aromatic members of the 
cries have an action closely similar to that of nicotine. 

“ (4) The optimum carbon skeleton for sympathomimetic 
ctivity consists of a benzene ring with /a side chain oi two 
arbon atoms, the terminal one bearing the amino group, 
mother optimum condition is the presence of two phenolic 
tydroxyls in the 3-4 position relative to the»side chain; when 
hose are present, an alcoholic hydroxyl still further intensifies 
he activity. A phenolic hydroxyl in the 2 position docs not 
ncroase the activity. # # 

“ (5) Catechol has no sympathomimetic action. 

“ (6) Motor and inhibitor sympathomimetic nativity vary tc 
iome extent independently. Of the catechol liases those with 
b methylamino group, including adrenine, reproduce inhibifol 
lympathetic effects more powerfully than motor effects : the 
ipposite is true of the primary amines of the satne series. 

“(7) Instability and activity Show no parallelisfti ai the 
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CHAPTER X. 


V 


DERIVATIVES OF PHENOL (ANTISEPTICS). 


,The iptrance of a hydroxyl .group into the benzene nucleus 
increft».;s its solubility and its reactivity, and, as might ho 
oxpected, these changes are accompanied by an increase in 
its physiological activity and its antiseptic powers. Phenol, 
CgHrjOH, was the first Antiseptic to be widely used, and its 
antiseptic powers are increased by the entrance of halogen or 
additional hydroxyl groups into the nucleus. The entrance of 
more hydroxyl groups adjacent to the first, also increases the 

n oH 


toxicitr of the subst} nee, phenol, 


U 


being less toxic than 


catechol, 


JF) rogallol, 


Oil 

Oil’ 

pH 

OH 

H 


and this in its turn being less toxic than 


On the other hand, the entrance of alkyl groups into the 
nucleus lowers the toxicity and increases the antiseptic pro- 
perties, and for this reason the three isomeric cresols, 
C rt H 4 (OH)(CH a ),'are better antiseptics than phenol. Unfortu- 
nately this advantage is marred by the fact that they are much 
less soluble in* water than phenol, and hence many attempts 
have been made to obtain derivatives of cresoi which should 
retain their ahtiseptic properties, and yet he more soluble in 
water. # 

TW, cvesols. form an emulsion with (hard) yellow soap, and 
mn emulsion of this sort is known as Creulin,*hu\> ft suffers 
from the clawback that it is demulsified by mineral twids, 
alkalies, dT «3fnmon salt. A solution of the cresols in soft # 
soap i^now%as Lysol, and has attained \fide use as an anti- 
septic. It ^s prepared by mixing the crude coal-tar cresoi 
152 
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• * 
(cresylic acid) with linseed oil in presence of alcohol until 

completely saponified, and the final product dissolves easily in 
water. 1 

Lysol solutions suffer frorr^the drawback that they vary in 
their antiseptic power according to the amount of cresol present, 
and hence they have to be tested bacteriologically, but they 
possess the advantage of being less poisonous than phenol or 
mercuric chloride. 

The cresols can also be rendered soluble in water by nixing 
them v?ith the sodium salts of organic sulphonic acids.^Thuff 
the cresols and other insoluble substances can be brought into 
solution by mixing them with the neutralized products obtained 
from the action of sulphuric acid on resinous oils, etc. 

y OTI 

The sodium salts of cresotinic acid, CIL . C r TL { / 

salicylic acid, and of various fatty acids, can also be used to 
render the cresols soluble. The only substances of this type 
which are of practical importance are solutions of cresol in soap, 
but a solution of cresol in sodium cresotinate has been sometimes 
used internally under the name of Solvcol, <is a substitute for 

Oil CIL, * 

jjuaiacol and creosote. Thymol, CII a ^~~;>CH(f , is used STs 

CII a 

in antiseptic and anthelminthic, 2 but for the latter purpose 
ihymol carbonate has been recommended instead. It is pre- 
pared from thymol by the action of carbonyl chloride, COOL, 
ind is called Thymatol. • * 

The polyhydrie phenols have not been much used •in thora- 
HOAOII 


politics. Resorcinol, 


has, however, found 


consider- 


able application in dermatology, and its acetjt derivative, 
3 6 H 4 (0H)(0 . CO . CII 3 ), is used in the same way under the 
* Oil • 

aagpe of tturcsvl. Pyrogallol, <(~^>01I, is also used in somo # 

OIL 

jkin diseases on account of its reducing properties/ -{The high 


1 D. R. P., 52,129. 

3 A nf.Vinlm inf Sio ia 1 
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HO 

price of phloroglucinol, ^3>OH, has prevented it from coming 

into therapeutic use. t ( 

A mixture of various phenyl-sulphuric acids, known as 
Aseptol, is obtained by allowing cold fuming sulphuric acid to 
act on phenol, and adding alcohol to the reaction product. The 
substance thus obtained is unstable and liberates phenol, but 
has '^o special value. 

* Tht naphthols arc not muck used in therapeutics ; a-iiaphthol 

V 110 

110 / 


/\/ 
o naphthol. 


/3-naphfchol. 


is more poisonous than /J-naphthol, and so only the latter finds 
any therapeutic application. Its sodium salt is soluble in water, 
and has received the name Microcidin. A better-known deriva- 
tive ft Epicarin — ^ 


IIO . Cl,,!!,. . C1L— / \ 

OHCOOH 

ft' non-corrosive antiseptic which is strongly acid and forms 
suiuuie salts. It is said to he useful in skin diseases, such as 
scabies. 

An extended investigation on the effect of substituting halogen 
atoms or alkyl groups for hydrogen in the nucleus of phenol, 
* on the genpieidal power of other phenolic derivatives, has 
been cabled out by Bechhold and Ehrlich. 1 The antiseptic 
power of thosfc compounds was compared by finding the amount 
of fc phenol required to pHivenfc the growth of certain bacteria 
under stanckrd conditions, the diphtheria bacillus being the one 
usually chosen. I\ was found that the entrance of chlorine or 
bromine into .the nucleus of phenol is accompanied by an in- 
^ crease in the antiseptic power. Trichlor-phenol wa#s found to 
be twenty-live times and tri-brom-phenol forty-six times as 
active a^pbunol itself. Tetrachlor-, pentachlor-, and penta- 
bron^henols were increasingly active iij the order given, thfe 

i. 1 Zfit. vhusiol. Cham.. 47 119061. 17S 



last-named being five-hundred times as powerful in its action 
as phenol itself. In the eaidy part of this chapter it was stated 
that the entrance of alkyl groups into the nucleus of phenol 
(as in the cresols) increases th^antiseptic power, and this was 
found to be the case with the halogen derivatives of the phenols 
also. The tetrabrom derivatives of all three cresols were found 
to be far more aelfive in their gertnieidal properties than tetra- 
chlor- or tetrabrom-phenol, the derivative of ortho-cresol being 
slightly^more powerful than the meta or para isomerideptf A 
one-per-cent, solution of this sufistanot^ takes less th<n£ two* 
minutes to kill the diphtheria bacillus, whereas a corresponding 
solution of phenol requires more than ten. As tho toxicity of 
this compound is stated to be comparatively slight, it migh£ 
find useful application, but the toxicity is apparently still too 
great to permit of its being used internally. 

In fact, although it was found that the entrance of 
atom reduces the toxicity and characteristic convulsive action 
of phenol itself, nevertheless the conclusiontfwas arrived a4 that 
none of these compounds were suitable for use as internal dis- 
infectants, as they were no more damaging to bacteria than to 
the animal body. The further introduction of fialogen i» accom- 
panied by a rise of toxicity, that of the tribrom- and triehlor- 
phenols being about equal to that of phenol itself, while the 
tetra- and penta-halogen derivatives are extremely taxie. * 

The simple phenolic compounds and their halogen derivatives 
are therefore not suitable for internal disinfectiofi,«but greater 
success has attended the use of phenolic derivatives containing^ 
a second group in the molecule, which lowers' the toxicity of 
the compound. « 

The introduction of a carboxyl £roup, as is usuallyjdie case, 
lowers the toxicity. It is true that it greatly lowers the Iftnti- 
septic power of phenol, but in spite of this, tjie ortno-carboxylic 

/ncqoh ... . 

acid of phenol, I I ^ (salicylic acid), has matked antiseptic 

properties, and*t has proved to be of great value medicinally. * 
Another type of phenolic derivatives whiclj has proved 
t)f value as an internal antiseptic, is represented t>y g^iaiacol, 

0 OCIL • , 

^ * . Salicylic acid and its derivative® are used more on 
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account of their value in lowering the temperature and dimin- 
ishing the pain in rheumatism rather than for the sake of their 
antiseptic properties, but the acid and its ester with phenol 
, (salol) are also used as antiseptics. The derivatives of salicylic 
acid will be discussed in the next section, and those of guaiacol 
in the one after that. 

Salicylic Acid and Salols. — As has been so frequently 
pointed out, tho introduction of a carboxyl group into phenol 
lowers its physiological activity. Meta-hydroxy- and para- 
hyd^vy-benzoic acidf are practically inert physiologically, but 
salicylic acid, in addition to having a very slight toxicity, pos- 
sesses special therapeutic properties which are of very great 
value. 

coon 

racoon /\ /ncooh 

~"0 U Uoil 

OH OH 

m.-hyuroxy benzoic acii. p.-hyrlroxy-benzoio acid. Salicylic acid. 

The most important of these is a powerful action against 
most of the symptoms of acute rheumatism, which is marvel- 
lous in its intensity. Salicylic acid also possesses marked 
antiseptic properties, for which it is often used to check gastric 
fermentation, as its irritant action on the stomach is much less 
than that of phenol, and for the same reason it is often used 
to proven^ putrefaction in milk, beer, etc. In the body it is 
rapidly absorbed, and circulates as the sodium salt, which is 
'often used therapeutically instead of the free acid, as of course 
its action is the same, and it has the advantage of being far 
more soluble' in water. 

Salicylic acid was first synthesized by Kolbe 1 by the action 
of carbon dioxide on phenol. Originally this waS carried out 
by passing carbon dioxide into hot phenol in tho presence of 
sodium, but Vt was found better for technical purposes to 
.prepare dry sodium phenate, C 0 H 5 ONa, and, to pass carbon 
dioxide into this. Even by this method, however, only a 50- 
per-centf* yield of salicylic acid was obtained, and if potash 
wereXfsed instead of soda, para-hydroxybenzoic acid was the 

1 Ann %len, 113 (i860), 115 ; 125 (1865), 201 ; D. K. P., 42G. 



chief product. This process was greatly improved by Schmitt, 1 
who heated sodium phenyl carbonate — 


/\ — O — CO — ONa /\— OH 

\)n IJ-CO-ONa 


under pressure at 140° C., by which means a quantitative yield 
of sodium salicylate was obtained. This process is also applic- 
able to the preparation of naphthol-carboxylic acid and oxy- 
quinoline-carboxylic acid.- 

Salicylic acid and its sodium s^ilt frequently produce /un- 
pleasant gastric symptoms, and to overcome this defect v^'rfous 
derivatives have been prepared, one of which, acetyl-salicylic 


acid, 


/\ — O — CO . CH, 

lj— co . on 


is of very gi^at importance. 


This, 


substance is known under various trade names, such as Aspirin , 
etc. 

It has the characteristic action of salicylic acid, being hydro- 

salicylate^ and 
t is a favourite 

remedy for feverish colds, headaches, etc. 


lyzed in the intestine with liberation of sodium 
it also has a slight sedative action of its own. 


It was first obtained by heating salicylic acid with excess of 
acetic anhydride or acetyl chloride, but a better yield is obtained 
by carrying out the acetylation in the presence of a condensing 
agent, such as sulphuric acid, zinc chloride, or sodium acetate. 
Propionyl, butyryl, and other acyl derivatives of salicylic acid 
have been obtained in the same way. „ m 

Of these, methylenecitrylsalicylic acid is known as Novaspirin, 
salicylosalicylic acid as Diplosal , and succinylsalicylic acid as * 
Diaspirin. The calcium salt of acetylsalicylic acid is* known 
as Soluble Aspirin or Kalmopyrin , and the sodium salt as 
Tylnatrin . These, and also the lithium salt, Hydrop'ifiin, <,re 
more soluble in water than is Aspirin itself, which th^y resemble 
in their therapeutic effect, whilst! the last named has also the 
characteristic action of lithium salts (cf. p. 220). 

A^ubstance w^ich is isomeric with aspirin has been obtained ^ 
by the^ action of acetyl chloride on salicylic acid in presence 
of ferric chloride. It is an aceto-salicylic acid of*the formula* 
(tJH 3 . CO) . C 0 II 3 . (OH)(COOH), and ia not toxic, bht i: ,has 
1 D. R. P., 29,939. Hbici , 31,240. 

V 
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far less antiseptic power than salicylic acid itself. Salicyl- 
/COOH 


acetic acid, C^H, 




in which the hydroxylic 


'^O— Clio— COOII 

^hydrogen is replaced by an acetid'acid residue, ( — CII 2 — COOH) t 
instead of by the acetyl group, (CO . OH.,), was first obtained 
by the oxidation of the ortho-aldehyde of hydroxyphenyl -acetic 
acid. 1 Subsequently, improved methods of preparing it were 
devised, 2 but this substance does not appear to have come into 
. use^-s a drug. r- 

Sdfyiitt’s modification of Kolbe’s salicylic acid synthesis 
has been extended to several other substances. For example, 
COOII 

Of I has been prepared from guaiacol, but it has not 

0 — CIIj 

found its way into therapeutics, and from «- and /3-naphthols 
tht’oun^sponding carboxylic acids have been obtained, in each 
of which the carboxyl group is in the ortho position to the 
hydroxyl group. Tjie acid (I.) thus obtained from /?-naphthol is 
very unstable, splitting up into naphthol and carbon dioxide, but 
if the temperature at which the synthesis is carried out he raised 
to 200°- , 250° C., a* stable acid (IT.) is obtained. 


COOH 

.'NQOII 


YNOH 


u 


N JG OOII 

II. 


Of the various derivatives of salicylic acid that have been 

, 0 . CO . OH, 


mentioned, acetyl-salicylic acid, CJI 4 


HJOOH 


, is the only 


one of rpal practical value, fut other substances have been used 
instead of salicylic .acid itself, chiefly on account o( the distrust 
with which synthetic salicylic acid was at one time viewed. 
This distrust ^arose from the fact that the synthetic acid used 
often to contain the therapeutically useless para-hydrpxybenzoic 
4i acid, as well as sometimes being contaminated with the posi- 
tively harmful cresols. To make sure of obtaining a natural 
product, .sOme physicians preferred to prescribe the glucosidt 

' Bcr., 17 (18^1), 2995. 8 1). 11. R, 93,110, 110,370. 
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salicin instead of salicylic acid itself. This glucoside is hycfro- 
lyzed by the organism, with liberation of salujenin (salicyl 
CH, . OH 

alcohol), C ( TT 4 \ , wh «h then forms salicylic acid by 

X OH 4 ' 

slow oxidation. In this way, the use of saligenin or salicin 
ensures a gradual.action of the salicylic acid. Saligenin may 
be synthesized by the action of formaldehyde on phenol — 



/ H 

+ HG \ 0 


Ortho-co umaric ae id , 



• OH 

“ U OH 

Oil- COOH p oars th e same 

• • 


relationship to cinnamic acid, C, II 5 — OH -CH . COOH, as sali- 
cylic acid does to benzoic acid, and as cinnamic aci^ ‘ ”^e 

physiologically active than benzoic acid, it was to be expected 
that o-cou marie acid would have even mor^ powerful antiseptic 
properties than salicylic acid. This was found to be the case, 
all three coumaric acids having a marked germicidal action, 
which is strongest in the case of the ortho £cfd. 

incidentally, it should be noted that sodium cinnamate has 
been found to be active in promoting leucocytosis, and has been 
recommended in cases of tuberculosis. Its esters witfi guajacol, 
phenol, ortho and para-cresol are too irritant to be of use, but 
its meta-cresol ester is free from these drawbacks, find is used 
under the name of Hetoc resol as a dusting powder for tubercu- 
lous wounds. A similar compound of cinnamic acid with 
thymol has also •been prepared. 1 

A dilute aqueous solution of sodium cinnamat(Thas been used 
in Germany under the name Hetol, and a glySero^ solution of 
this substance which has certain advantage^ over the aqueous 
one was advocated J)y Morgan in 1902. The use of drugs, 
such as sodium cinnamate and sodium ortho-coumarate, which 
produce leucocytosis, 1 '' appears to have given promising results 

in tbe treatment of inoperable cancer when combined with 

• • 

* *D. It. I\, 99,507, 107*230. 

,J Leucocytosis denotes an increase in the count of tHfc; white blood* 
corpuscles. • m 
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uk u uo 


local treatment with substances such as copper ol|jbte and 
antimony oxide. 1 

The acetyl derivative of o-coumaric acid which is suitable 
for being taken by the mouth has-been introduced by Martindale 
under the name of Tylmarin. 

Salol and Esters of a Similar Type. — The first ester, both 
the components of which are ^physiologically, active, to be used 

CO— 0— C 0 H r salicylate). 

'The introduction of Jbhis substance by Nencki marked an 
important development in pharmacology, and many other 
attempts have been made to convert substances which are 
tpo toxic for ordinary pse into esters from which the active 
component is liberated so Blowly that it produces no injurious 
by-effects. In the case of salol itself the ester on hydrolysis 
in ^y^hitestine liberates phenol and salicylic acid, the 
hydrolysis taking place so gradually that the former com- 
ponent can exert it? antiseptic effect without, under ordinary 
conditions, giving rise to its characteristic toxic symptoms. 
In this case both components of the ester are active, but this 
“ salol principle,” as it is called, can be extended to esters in 
which only the acid or the alcohol is active, but the use of 
which in the free state is hindered owing to the possession of 
toxic or corrosive properties. 

Derivatives of this kind may be classed as “ partial salols,” 
and comprise two types : — 

t , (1) Esters in which an active (aromatic) acid is esterified 
with an inert hydroxylic substance (alcohol), and which there- 
fore bear a general resemblance in their physiological action to 
the aeid ( from which they are derived, but which may differ 
fro ill it in being Tree from harmful by-effects. 

(2) Esters in which an active hydroxyl compound (alcohol 
or phenol) is esterified by an inactive acii In this case the 
action of the substance resembles that of the alcohol or phenol, 
'the sodium salt of the acid being inert. 

It must 'not be lost sight of, however, that the ester itself 
may exert *a specific action in the unhydrolyzed state (e.g. 

1 H. Lovell Dr ge, Lancet , 7th November, 1908, p. 13G7. 


in medicine was salol , 
\ H 
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triacotin: see Chap. II., p. 22), and therefore in every case*the 
physiological action of the ester must be # experimentally demon- 
strated before it can be used in therapeutics, as a priori reason- 
ing based on the behaviour of the component acid and alcohol 
might be upset by the specific action of the ester. 0 

Dealing first with the true salols themselves, it may be said 
with confidence ^iat no other ester of this class is nearly as 
important as salol itself. It was found by Nencki that fatty or 
aromatic acids when allowed to react with pheiuols in presence 
of zinc*chloridc, aluminium chloride, etc., yielded ketones, but 
if POCLj were employed as the condensing agent, cstofs were 
^ .011 

formed. Thus salol itself, , is produced ,by 

X C0 # 0 . 0,11, 

heating two molecules of phenol, two molecules of salicylic 
acid and one of P0C1 3 at 120° C. 1 This method has also been 
applied to the preparation of the esters of salicylic* cid with 
many other phenols, naphthols, resorcin, etc., and also to the 
preparation of the esters of other acids, siAdi as nitro-saTicylic 
and oxynaphthoie. A cheaper and simpler modification of this 
method of preparation is to allow carbonyl .chloride to react 
with an equi-molecular mixture of the sodium salts of the 
phenol and of the acid. The ester thus formed can usually fee 
separated from the reaction mixture by distilling it off with 
steam. In this way an enormous number of esters 8f a snnilar 
type to salol have been prepared. 2 # 

Salol is also obtained by heating salicylic acid alone at 160°- 
210° C., provided that the water split off by the reaction be rfc j 


moved by distillation, and that the access of air be pftwented. 3 

/Oil /Oil • 

2 G c ll,( = . + C.0 2 + U 2 0 

x COOH XJOOCJL 


/Oil /OH 

C,',H< .= C i; H,( +CO a 

X OOOII X II • 

■ ' • . /OH /OH 

C 0 II, . OH + G b H ,( = 0,11 / + HjO 

* x COOH x COQrr,H ! , 


1 D. R. P., 38,973, 39, #84, 43,173. _ . 

46,756, 57,941, 68,111, 70,487; and also Nencki, C. R., 108 
fl889k 254. m * D. R. P* 62,275. 
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Another method for the preparation of salol is by heating 
polysalicylide (C 7 H 4 0 2 );r (obtained by heating salicylic Ibid with 
POCI 3 , see Chap. TV.) alone with phenol . 1 

The higher members of the ^alol series may be prepared by 
heating salol itself with the higher phenol, whereby the lower 
phenol is replaced by the higher. This method is especially 
suitable for use with phenojs which are too reactive to be 
treated with the vigorous condensing agents used in the first 
methods; c.g . hydroquinone, eugenol, carvacrol, etc . 2 
n “ Partial Salols ” of the FirstType. - Methyl salicylate ( oil 
of umutrgrccri) is the best known of these. The synthetic pro- 
duct is superior to the natural in being free from the irritant 
effects of the latter. It is slower in its action than salicylic acid 
itself. Ethyl salicylate appears to have a specific action of its 
own, and produces undesirable effects, and hence is not used in 
thpri»x»aeyfics. Mesotan or Ericin is the methoxy-methyl ester of 
.OH 

salicylic acid, C r H 4 (^ . Many esters of 

X C 0— 0— CH — OCR, 

glycerol with salicylic acid, benzoic acid, p.-cresotinic acid, 
and anisic acid have been prepared, such as — 


CH 2 -0-C0-C h H 4 -0H 
CII i- -0— tCO — C„H 4 — OH 
CII 2 ~0~^C0— C r II 4 — OH 

Trisalicylin. 


CH 2 — 0— CO— C,.II 4 — 0 H 
dii— 0— CO-C ( ,H, 

CH 2 — 0 — CO — C f) II 4 — Oil 

Disalicylbcnzoin. 


cn 2 -o— co— c 6 ii 4 — oh 

and CII— Oil 

1 

CH 2 — OH 

Monosalicylin. 

^The last named is used under the name of Glycosal , 3 

C 1 F. R. P., 73,452. Ubid., 111,656, 

Ubid., 58,306, 126,311, 127,139, 



DERIVATIVES OF PHENOL (ANTISEP^iCSy 


163 


The mono^lycol ester of salicylic acid, 

• CH„— O — CO — C c Hj— OH 

CH,— OPI 

is known as Spirosal. * 

Saladbtol is obtained by the action of monochloracetone on 
sodium salicylate — 

/Oil 


C„H 4 


/ 

VjOONa + Cl . CH., . CO ,CII, 
,OTI 


s CO . O— CH., . CO . C1I, + NaCl 


and is therefore the salicylic ester of Acctol, HO — CII 0 — 00*— 
CJI 3 . It is rapidly saponified in the intestine, but has no 
particular advantage over salicylic acid. 1 

The methyl esters of the acyl salicylic acids havt an so oeen 
used medicinally. Methyl acetylsalicylate is known as Methyl - 
r ho din, and methyl benzoylsalicylate as Fpnzomlin . • 

“ Partial Salols” of the Second Type, in which only the 
phenol is the active part, comprise carbonates and esters of* 
fatty acids. Of these, the esters of guaiacol and creosote are 
of special importance, and will be considered in the next section 
of this chapter (which deals with creosote and guaiacol deriva- 
tives), together with the general methods of their prepafation. 
Thymol carbonate is known as Thymatol. 

True Salols. — Of esters of the type of salol fn # which both 
components are active, salol itself is the most important, and n«y^ 


to it comes /3-naphthol salicylate, — 0 — CO — / \ which 

W *h6 # 

is known as Be.tol, and as NaphtholsaloL The benzoate of fi- 
naphthol is also used to a considerable extenj under the name of 
Benzonaphthol. Megithyl salicylate is used medicinally under 
the names of Salimenthol and Said . In addition to the esters 
of ’salicylic aciA itself, the phenyl esters of acetylsalicylie anti 
of saiicylosalicylic acid are used, and are kno 1 — ~~ 

, Vesipyrin and Disalol. 

• 

1 D. K. P., 70,054. 
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In general it is only the monobasic acids whick lend them- 
selves in an economical manner for use as salols, as the esters 
of polybasic acids usually only split off one molecule of the 
phenol, the rest being excretedrstill in combination with the 
a'<$id. Thus, for example, triphenyl phosphate, (C ri H & 0).,P0, is 
hydrolyzed in the intestine into diphenyl-phosphoric acid, 


■ 

(C f> TIr J 0).,lV , and phenol, C^II^OI!, the lormer not being 
X OII 


further decomposed in the organism, and thus only a *)hird of 
the phcfiol is utilized. L 

Another type of salicylic acid derivative comprises those 
in which it is combined with basic radicles. Salicyl-amide, 
Oil 


_/ 

C°— n U 2 , is more soluble than salicylic acid, and has 
a more nSarked analgesic action. Many compounds have been 
prepared in which salicylic acid is combined with substances 
having antipyretic ?'nd analgesic properties, especially the de- 
rivatives of acetyl-para-amino-phenol. The salicylate of acetyl- 
para-amino-phenol, IIO<( )>NH . CO . CII a> is known as 
Salophen. 1 In the same manner lactylamino-phenol can be 
condensed with salicylic acid. 2 

Guaiacol, Creosote, and their Derivatives. — Beechwood 
tar has long been used in the treatment of phthisis, and the chief 
active ingredients appear to be guaiacol and creosol. 



Guajacol. 



or 

Creosol. 


a 


These can be obtained from the beechwood tar, but guaiacol is 
also largely produced by synthetic methods. It can be obtained 

fi on 


by the partial methylation of catechol, 


\/0H' 


but this method 


is too expensive for technical use, and' a cheaper synthesis is 
fnat whic„b>starts from ortho-anisidine. This substance is pre- 


1 D. JX. P., 62,533, 6i\789. 


2 Ibid., 82,635. See also Chap. V. 
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pared from ortho-nitro-phenol by methylation and subsequent 
reduction. It is then diazotized, and 4>he solution poured into 
sulphuric acid containing a large quantity of sodium sulphate, 
heated to 135°- 160° C., whereupon the guaiacol distils over 
with th# steam as it is formed. In this way the production of 
by-products is diminished. 


.Oil 

NO., 


OOIi, 

Wo., 


,0011 

Nil, 


-r 


, 0011 , 

N..OJI 


con, 

OH 


Oreosol has been obtained in a similar way from 


4 

but 


OH, 

m 

the preparation of this compound from ortho-cresol is appar- 
ently too expensive for it to be used commercially. * 

Guaiacol, like phenol, is corrosive and poisonous, and it is 
probable that creosol would be less toxic, though more strongly 
antiseptic, in the same way as cresol and phenol. # 

/\OOJI r 

* Gw 


Guaialhol, 


and other higher homologu<*.J have 


been prepared by heating catechol and the required alcohol < 
under pressure with zinc chloride at lG0 o -220' J 0., but they are 
more expensive than guaiacol and have no advantage over it. 

With the object of diminishing the unpleasant and to^ic 
properties of guaiacol and creosote, various dermitives have 
been prepared in which the hydroxyl group is esterified with 
an acid according to Nencki’s salol principle. Carbonic acid 
was the first used, and various other organic and inorganic 
acids have also been tried with varying degrees of success. 
every case, the action of the compound is due to thTi guaiacol 
split off in. the intestine. * 

Guaiacol carbonate, known as * Ditotal, is ^>repan?d by.the 
action of phosgene on an alkaline solution of guaiacol. 1 


0011,' 


Na 


I + COOL, 


OCII, CILO . 

\ 


/ 


\) CO — 0 / .+^NaCl 


Duotal is thus obtained as an insoluble 


ajilXn, which 
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has less toxicity and unploasant taste than guaiacol itself, but 
which is not quite tasteless. In the same way, carbonates of 
menthol, borneol, carvacrol, thymol, creosol, eugenol, etc:, have 
btyni prepared, and also the corresponding esters of carbamic 
acid using chlorocarbonic amide instead of COOL — 1 

XONa + Cl . CO . NIL, .= NaCl + XO , CO . NIL, 

This process, besides being used for the pure substances, 
may also be applied to the mixture of phenols comprising 
creosote, by which meqns a mixture of neutral carbonic esters 
free froLi corrosive properties is obtained, which is called 
r creosote carbonate. 

Phenolic substances, such as guaiacol, can also be converted 
into alkyl carbonates instead of carbonates by the action of 
chloroformic ester on the hydroxyl compound or its sodium 
salt— ,, 


XONa + Cl . CO . O . C.JI, = X . O . CO . 0 . CJI, + NaCl ; 

<L 


/OCT!., 


C tJ H 4 f' from guaiacol, 

X 0— CO . 0 . C.,H S , 


and 


. f (/ cooch 3 

^c^ 4 \ from oil of wintergreen. 

f >0— CO . 0 . C a H 6 

/°\ 

1 The carbonate of catechol, C ( II,( /CO, forms addition 

\ 0 / 

products with compounds containing an alcoholic hydroxyl 
group or fj primary or secondary amino group, whereby one of 
the hydroxyl groups of the catechol is regenerate^ with the 
formation of a mixed ester of carbonic acid. 2 


e-y-— 


/\/"\ /\/ 
| I CO + C.,II 6 OH = I I 
\/\ 0 / “ \/\ 


0— CO— OCJI, 
OH 


D. R. P., 11,8fiG, 11G,36G, for variations of this method. 
92.53S. 
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and 


.0 


C,«IL 


\ 

CO + C ( .Hr,NHo 


\ q / 


0 


f 

on 


,o— co- 


-Nil— C,H, 


Iii the preparation of carbonates of phenols by the phosgene 
method, it may happen that those which are easily decomposed, 
such as the derivatives of iso-eugenol or menthol, are broken 
up, and therefore the method requires modification. In these 
cases, diphenyl or diethyl carboifate is first prepared, and thij 
then made to react with the desired phenol. 1 j 

For example, with iso-eugenol — 

C0C1, + 2C,H,0H = GO(OC tt IL.)s + 2IIC1, 

X,II, 


C0(0C 6 I1,), + 2C r> II 3 * 


/: 


OCII, 


S 0H 


o- 

/ 

= CO 


-C,II, 


0C1I 3 

CJI, 


0-C,II, 


/OCII, 


S C,II, 


+ 2011 , 011 . 


As the phosphites 
of tuberculosis, it is 


are said to he useful in the treatment 
not surprising that guaiaco* phosphite, 
P( — O — C 0 II 4 — OCH 3 )y, has been prepared. It is a crystalline 
powder, which has the advantage over the carbonate and 
phosphate of guaiacol in being soluble in fatty oils, and i^ i # s 
prepared by suspending guaiacol and an equivalent^ soda in 
alcohol and adding one molecular proportion of PCl 3 to the 
cooled mixture. It is then heate^l to boiling and tly? alcohol 
distilled o£f. 2 Substances such as this are knovvii under* the 
names of Phosphatol, Creosote-phosphite, et*j. 

Guaiacol benzoate is known as “ Denzosol ,” and the acetate 
as “ Euc%L ” ; the cinnamate, which is known under the name 
of “ Styracol is sai(J to be a very good antiseptic and an#i- 
tub^rcular, free from harmful effects. Cacodylicig&i is guaiacol 
1 cacodylate, (CH 3 )„As .0.0. C 6 H 4 (0CII 3 ) f H 2 0. k 

Another type of guaiacol derivatives is that«irt 

« 

1 D. R. P. f 99,057. . 2 Ibid., 95,57«k 
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hydroxylic hydrogen is replaced by alkyl groups Or other 
groups in which the hydroxylic oxygen is directly united to 
carbon. Veratrol may be included in this class, but it does 
not show the physiological action of guaiacol in any great 
degree, and probably does not split oil’ any guaiacol in the 
organism, if, however, instead of replacing the hydrogen by 
a methyl group as in veratrol, one replaces it by a larger 
group, then the resulting compound is less stable, and guaiacol 
is regenerated to a greater or less extent in the organism. 
'The glycerol ether of guaiacol — 

G CH,— OTi 

I 

CH- -Oil 

CII— 0— C G H— OCH a 

known as “ Guaiamar” is one of the most important of this 
type. It is soluble in water and is prepared by the action of 
mono-chlorhydrin, CH 2 (OH) — CH(Oil) — CLLC1, on an alka- 
line salt of guaiacol, or by the interaction of guaiacol and 
» glycerol in presence of condensing agents. Glycerol ethers of 
other phenols have been prepared in the same manner. Taste- 
less soluble derivatives of guaiacol and other phenolic substances 
ard obtained by the action of alloxan on phenols in presence of 
certain condensing agents, such as H 1 J S0 4 , HC1, ZnCl 2 , etc . 1 

CO— NH CO Nil 

,r/\ / \ 

B— 0— H -t- CO CO - R— 0 — CII 00 

\ / \ / 

CO — Nil CO — N II 

An insoluble t guaiacol preparation, known as “ CtUiacol” or 
“ Palmaicpl” is obtained by, Abe action of guaiacol in sodium 
ethyiate on spermaceti oil at 80° C.‘- It is said to he without 
irritant action on the alimentary canal. 

Guaiaperol is an addition product of guaiacol >iperidine, 
having the formula The o_ 0 (] Jjned at is 

td combine the action of guaiacol with the f piperi- 

dine on the' heart and circulation, 
irritant ae^dn . 8 

■f‘ 1). It. P., 11Q/722. jy variations of this method. 
i z Chaplin and Tunnicliife 




OH 


without 



formaldehyde and creosote, and has be«n recoin mended as an 
internal antiseptic. A substance of this type recently intro- 
duced is “ Ilexamecoll" a preparation of guaiacol and hexa- 
methyleiyj-tetramine. 1 It is a powder which readily splits up 
into its components (c.y. when rubhed on the skin), and is 
recommended as am external disinfectant. 

Another class of guaiacol derivatives comprises substances 
which 4I0 not regenerate guaiacol in the organism. It was to 
be expected that the entrance of a sulpfyonic acid group#into * 
guaiacol would lower its activity, and such is found to^be the 

/OH (1) 

case. By sulphonating guaiacol at 70°-80'’ 0., C v Tl/ OClI a (2J 

’ \S0JL (3) 

is obtained, which is therapeutically useful, its potassium salt 
known as “ Thiocoll ” being* soluble and non-irritant ll‘ the 
sulphonation be carried out at I40°-150° C., the chief product is 

/ °r } 0) 

^tAc~OOH 3 (2), which is of no therapeutic ^alue. The sodium 
\S0 3 H (4) 

salt of fT 

\y — O — GTTo — COOII, known as “ Guaiacetin ” is 
soluble in water and nearly tasteless, and can be obtained by tffe 
action of cldoracetic acid on catechol in the presence of alkalis 

/OH 

Guaiaool-carboxylic acid, C l .TI a ^-00[L 3 , is spariiudy soluble, 

\COOII * 

and has antiseptic properties, but has no advantage over guaiaco-.# 
Although not a derivative of guaiacol, “ Solved” i* used as 
a cheap suhstitute # l‘or guaiacol to which if has a^unilar action. 

It is a solution of creosols in sodiun* para-eresotinate — • 


Cll, 


COONa 

Oil 


l £}f. Chap. XT. 

2 D. R.^\, 87,880; see also ibul., 87,008 auu q 1 



CHAPTER XL 

OTHER ORGANIC ANTISEPTICS, EXCLUDING HALOGEN 
COMPOUNDS. 

Orgi nic Dyestuffs and Theories of Chemico-Therapy. — 

The organic dyestuffs are of interest both from the practical 
point of view on account of their use in therapeutics, and also 
on account of their importance in the development of the 
theories concerning the mode of action of drugs. 

Many of the diseases caused by microbial or parasitic in- 
fection can be successfully treated by a suitable serum, but 
there, are a large number, especially those of protozoal origin, 
which do not lend themselves to serum-therapy. In theee 
cases a cure has been sought by chemical means, and at one 
time great hopes were entertained of curing many diseases of 
microbial origin by the use of general antiseptics, such as those 
which have proved so valuable in surgery. Generally speaking, 
however, the results obtained by the introduction of antiseptic 
methods into medicine have been disappointing when compared 
with the Uficcess which has attended their use in surgery. 
Various processes such as the intravenous injection of form- 
aldehyde solutions, the inhalation of antiseptic vapours such 
as creosote for consumption, and many others, have not fulfilled 
the hopp that was placed in them. This is not surprising 
when it is borne in mind that most antiseptics are quite as 
injurious to the tjssues of the higher organism as they are to 
the bacteria ( cf . Chap. X.). It has beep, pointed out 1 that a 
greater measure of success may be hoped for in the case of 
eliose diseases which are caused by protozoa 'rather than by 
bacteria. /The latter are probably amongst the oldest L’ving 
organism i^and have probably acquired a high degree of resist- 
ance, byj the former do not appear to hav'e been able to adapt 

/ ^ Cuslmy, J’roc. Rcy. Soc. Med., 2, iv. (1909), 49. 
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themselves so successfully to their environment, and the diseases 
they give rise to are very likely of more decent date than those 
caused by bacteria. 

in some of these diseases favourable results have been obtainecj 
by the usfc of a chemical specific, which is not equally fatal to 
all forms of life, but which reacts specifically with certain 
micro-organisms in a manner somewhat analogous to the action 
of the afore-mentioned curative sera. This is expressed by 
saying 'that a substance of this .type should have a strong 
affinity for the parasites (parasitotropic)} but should be tmly 
slightly active to the organism (organotropic). Instances of 
this are afforded by syphilis and malaria, which yield far more 
readily to specific antisepsis, the former *to mercury and arsenic 
and the latter to quinine, than do diseases of bacterial origin. 

Our knowledge of the chemical specifics and their probable 
mode of action, we mainly owe to Ehrlich, 1 and his Success in 
this field was largely due to a careful study of the reactions 
between the parasites and the dyes which reveal them iff their 
surroundings. He realized that the relation between a dye 
and a particular type of cell is a chemical ljact of great im- 
portance, and that such a dye must contain an anchoring group 
that can enable it to attach itself to the particular type of c^ll 
in question. To vary the simile, the chemical specific may be 
likened to a poisoned arrow, the point being the parficulaf dye 
which has a selective affinity for the parasite, and therefore 
lixes it. If a poison can be attached to such a dye or to the 
anchoring group of such a dye, the arrow will be not merely-Hi# 
dye, but also the desired chemical specific. • 

This procedure is not so simple as might be gathered from 
the above, as the attachment of a poisonous elqjnent o* radicle 
may destroy.the anchoring effect of the other grou]^. On tTie 
other hand, many dyes are themselves poisonous to certain 
parasites, and act as Chemical specifics in these* particular in- 
fections. • 

For example, some c*C the triphenylmethane d^^ many of 
the azo dyes derived from benzidine, and various tine dye%, 
Such as methylene-blq|3, have a strong parasiticidal aci^n. 

Thus, amongst the dyes derived from benzidine, *TTy]\n Red 

1 Cf. Chap . I ., i f. 8 . 
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and Trypan Blue have a strong trypanocidal 1 action. The 
former is obtained by tetrazotizing benzidine-orthosulphonic 
acid, and coupling with /2-naphthylamine 3-G-disulphonic acid, 
and therefore has the formula : — 


N a SO./ 


SO,Na 

/ 

N- --N< < >N W 

sNII., A/'NNII, 


yS0 3 Na 


NaSOyJ x/ SO,Na, 


the latter is obtained by tetrazotizing o-tolidine, and coupling 
with 8-amino-naphthol (1), 3-6 disulphonic acid (“ II ” acid), 
And therefore is represented by the formula : — 



>N-N- 


OH NH., 

m ^ 


NaSO.^JSO.Na 


It is Noteworthy that all the azo dyes of this series which are 
effective trypanocides have the sulphonic acid groups in the 3-6 
' position. Naga lied which differs from Trypan lied only in 
the absence of the sulphonic acid group in the benzidine portion 
of L the molecule was found to have a strongly poisonous action 
on the spirilla of relapsing fever, but it also acts strongly on 
the red blood corpuscles. Trypan lied and Trypan Blue have 
shown good results in the treatment of nagana, especially when 
used in conjunction with certain triphenylmethane dyes such 
•.at; di- and tri-hydroxy malachite greens, and para-rosaniline. 

Malachite Green has the formula : — 

wOi -C>n ( cii 3 )A 



and Brilliant Green, which is the sulphate of the corresponding 
vthyl compound, is used fairly extensively as- a general anti- 
septic. j> u 

ir Fho ar’ous species of trypanosomes are tl.j cause of many tropical 
diseases' notably sleeping sickness, which is duo to infection by 'Trypano- 
soma Q( nbic'ise. 
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,/ N \ 


Methylene l)lue, 


(CH 3 ),Nk/\ S/ .V\ N(0H ^ c|i 

is used infernally in a variety of conditions such as rheumatism, 
cystitis, nephritis, # etc. This dy<{ was found to havo strong 
parasiticidal action on tho spirilla of relapsing fever in test- 
tube experiments, but failed when used on infected animals. 

A dye which is largely used as n paste for external applica- m 
tion for stimulating the growth of epithelium over granulating 
wounds, is Scarlet Bed, an azo dye derived from amidoazo- 
toluenc and /5-naphthol, and therefore having the formula, 
CH, . C 6 II 4 . N : N . C ( .H 3 (CIL) . N : N / 

Some of the dyes derived from acridine, 

xCIIv 


■ Ci„H ( A 


\ 




N" 


have recently attracted considerable attention as antiseptics s 
both for external and intravenous use, namely Proflavine, 3-6 
diaminoacridine sulphate, 



Nil,, 


N 


and Trypaflavme or Acri. flavine, 3-G diaminomethylacridiniusn# 
chlo^" 



• CH 3 Cl. 


The latter *vas originally introduced by Ehrlich as a trypanocide. 

Proflavine is prepared 1 by the interaction of aVline, form* 
aldefiyde and caustic potash, and heating the re^ilt??L r product 
•»vith aniline hydrochloride, whereby diaminodiphen Amefchane 

* • • \ 

1 Benda, Ber., 45 (1012), 1787; D, R. P., 2304*2; E. 24,6S2 (1910). 

• • \ 
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is ^formed. This is then nitrated, and the ptoduct reduced 
with tin and hydrochloric acid, and the reduction product 
which contains the t'in double salt of tetra-aminodiphenyl- 
methane, 


ILN 1 


/ c;f -' \ 

/ \ 

k ; 

X N II, 


M-L, 


is heated in an autoclave at «M0° to form 3-G diaminoacridine. 

To prepare Acriflaline from Proflavine, 1 the amino groups 
in the latter are protected by acetylation, and the diacetyl 
compound is then methylated by methyl sulphate or methyl 
toluenesulphonate in nitrobenzene solution. The acetyl groups 
are then hydrolyzed from the resulting compound by heating 
with hydrochloric acid, and on cooling the desired hydrochloride 
crystallises out in red needles. 

Browning and his colleagues have recommended Proflavine 
and Acriflavine in the treatment of wounds, as they have high 
antiseptic power, together with freedom from irritant or toxic 
action, and no irhibiting effect upon the phagocytic action of 
the leucocytes or upon the process of healing. Up to the 
present, the clinical evidence appears to be very conflicting, 
but it is probable that good practical results will be obtained 
with these compounds. 

NaphtlvaJene, Pyridine, and Quinoline Derivatives. — The 

antiseptics derived from other cyclic systems, such as naphtha- 
lene, pyridine and quinoline, are none of them so important as 
certain benzene derivatives, such as phenol. The naphthols and 
their derivatives have already been mentioned in connection 
wjth the phends, but naphthalene itself has antiseptic pro- 
perties, an£ on account of its volatility is a useful insecticide, 
and has largely replaced camphor as a means of protecting 
clothes and other fabrics from moths. It is often sold for this 
purpose u ruler the name of “carbon.” 4 , * * 

All thrv' pyridine carboxylic acids 'have strong antiseptic 
propertied ( Jvitonic acid (2-picoline-4-6-dicarboxylic acid), 

h „ 

jc 1 £enda, Bqr., 45 (1912), 1795 ; D. R. P., 243,085. 
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I • 


COOK 


CH 


a 

N ■ 


OOH 


said to be a stronger antiseptic than 


sali- 


cylic acid, but the expense of .jts preparation has prevented \J> 
from beiifg used for this purpose. It is produced by the action 
of alcoholic ammonia on pyruvic acid. 1 

Quinoline has an antiseptic action, which is increased by 
the entrance of methyl groups. A quinoline derivative has 
been placed on the market under # the name of Ghinonol , and is 
prepared by boiling an alcoholic solution of ortho-hydfoxy- 

(Y) J 

quinoline, 1^ I I, with acid potassium sulphate, 2 The pro- 
TIO N 

duct appears to consist of ortho- hydroxy-quinoline sulphate and 
potassium sulphate. It has been used as an antiseptic both 
internal and external. * 

Various other quinoline derivatives are described in Chapter 
XV. (IJric Acid Fliminants). % • 

Formaldehyde. — The strong antiseptic properties of formal- ( 
dehyde have only recently been made use of in medicine, as ‘ 
the application of this substance has been hindered by its 
corrosive and toxic action. It readily polymerizes, forming 

cu . on ' 


fcri-oxy-methylene, HO . CII CH . OH, which is also strongly 

antiseptic, but gives rise to bad effects when takeTTCnternally. 
Formaldehyde has long been used for the disinfection of rooms, 
for which purpose its volatility renders it eminently suitable, 
but its use as a drtig depends on the manufacture of compounds 
which slowly split off formaldehyde under the influence of the 
secretions of the organism. * 

One of the earliest compounds of this class was TCrluiol, ob- 
tained by the action^f formaldehyde on gelatine ; other com- 
pounds of # this type have been prepared with formaldehyde 
and casein, :J aifd formaldehyde and nucleic aci(\ the latte*’ 
compound yielding sofuble alkali salts. The ^omWninds of 

J 1 Bofctinger, Anunlcn , 188 (1877), 330; 208 (1881), 138 ; Tier:; 13 (1880), 
2032 ; Do Jong, Rec. Trav. Chim., 23 (1004), 13f • • 

2 D, R. P., 88,520. 3 Ibid., 13,565. * Ibid.\ 139,907. 
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formaldehyde and carbohydrates are of greater importance. 
Classen found that formaldehyde reacts with starch, dextrin, 
etc., yielding insoluble, odourless, non-irritant substances, which 
slowly split off formaldehyde, pud are antiseptic without being 
} oisonous. 1 Soluble condensation products of dextrin and 
formaldehyde (Dextroform) can be obtained by a modification 
of this process. 2 A condensation product of formaldehyde 
with lactose has, under the name of Formaminl , attained great 
popularity. This substance is used in the form of tablets, 
which, when allowed to dissolve in the mouth, liberate formal- 
dehyde. and so checK and prevent septic conditions in the 
throat and mouth. 

Ilexamccoll , a condensation product of guaiacol and hexa- 
methylenetetramine, has been considered in the previous 
chapter. 

Formaldehyde reacts readily with ammonia, forming hexa- 
methylenetetramine, (CH 2 ) fi N 4 , discovered by Butlerow^ in 1860. 

ocilo + 4nti 3 = (cr:y f N 4 + on 2 o. 

It is a basic substance, very soluble in water, and its constitu- 
tion is probably represented by the formula — 

CII., cn 2 cii, 

N 

/\ 

ch 2 ch 2 

\ 

N X N 

, \ / 

\CH,/ 

n a 

This substance has strong antiseptic properties, but its aqueous 
solutions can be taken internally without causing poisonous or 
irritant symptoms. It is largely used iff medicine, under the 
names of examine, Urotropin , Cy stamina and Cijotogen , a<s a 
urinary a^iseptic, for which purpose is stated to he better 
than sail ,ylic acid or any of the older preparations. It has 
,f> 

1 D. rt. P.,02,259, 93, Ul, 04,628, 09,378? 

Ibid., 9-4,282. ^ 3 Butlerow, Annalcn, H5 (I860), 322. 
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some solvent Action on uric acid, but it is improbable that it is 
capable of dissolving uric acid to any extent in the concentra- 
tions in which it can be present in the organism ( cf . Chapter 
XV.). *It is also said to be of l^luc in laryngitis, pharyngitis, 
etc. The anhydromethylene-ciiric-acid — 

* CH— 0— CO 

i 0 — CHj — COOH 

ch. 2 — cooh 

derivative of urotropine has been introduced under the names* 
of New Urotropin and Ilelmitol. J 

A largo number of other derivatives and additive products of 
hexamine have been introduced into medicine as urinary anti- 
septics. For example, Amphoiropin is hexamine camphorate, 
and the additive compounds of hexamine with sodium acetate, 
sodium citrate, and sodium benzoate are known respectively 
as Cystopurin, Formurol , and Cystazol. In the last-named, 
the antiseptic properties of the sodium benzoate are acfcled to 
those of the hexamine. 

Tannic and Gallic Acids. — Tannic acid is distinguished by 
its astringent and styptic action, and its freedom frcftn toxic 
effects ; gallic acid is more irritant and five times as antiseptic 

COOH 

as tannic acid. 1 Gallic acid has the structure, • , 

H 0 IJ 0 H 

OH 

but that of tannic acid is not known with certainty. 
empirical formula is C 14 H 10 O 9 , from which it appear^ to bo a 
digallic acid. • 

In order to avoid the unpleasant^ taste of tannic ac$ itself, 
various insoluble derivatives have been prepared, which pa^h 
unchanged through the stomach, and are decomposed in the 
intestine, where they liberate free tannic acid, ^annigen is an 
insoluble acetyl derivative of tannic acid, soluble in alkalies. 2 
Tctnnoform, one # of the best examples of this classv is a con* 
densation product of tannic acid and formaldehycjp 

; 1 Heinz and Liebrecht, Ber, klin. W. (1891), 584. 

2 D. R. P., 78,87 7; H. Meyer, Dent, vied . IV. , 31 (1*9#). 

3 D. R. P., 88,082. • ■> 
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e 6 


2C 14 H 10 O, + ECHO - CH 2 (C 14 H !( 0 ;i ), +‘ H 2 0. 

It combines the antiseptic properties of formaldehyde with the 
astringent action of tannic acid, and is used internally as an 
astringent and antidiarrhceic ; externally it is used as an anti- 
septic for wounds, etc. 

Similar preparations of gallic acid have been devised, but the 
compounds of this acid containing bismuth are of more impor- 
tance. Bismuth has a beneficent action on wounds, causing 
the surface to dry without impairing the healing pow^r, 1 and 
therefore its insoluble compounds with antiseptic and as- 
tringent substances readily lend themselves for use as iodoform 
substitutes ( cf . next chapter). 


HOv on 

Dermatol is basic bismuth gallate, HO- C r H. f — COOBB 

IIO/ ’ ' \)ll’ 

and is a favourite iodoform substitute. 

Airol is a derivative of Dermatol, in which one of the hydroxyl 
groups attached to the bismuth is replaced by an iodine atom, 2 

mi 


(HO),C ti IL — CO — 0 — B/ . In presence of moisture, it 

M 


liberated free iodine, and it can therefore be regarded as a true 
iodoform substitute, owing its antiseptic action to the actual 
liberation of iodine. The presence of the bismuth and gallic 
acid* confers also an astringent action on this substance. It 
is used externally as an iodoform substitute (cf. Chapter XII.). 


J Stcinfeld and II. Meyer, A. e . P. P., 20 ( 40. 
~D. R. P., 60,000, 82,593. 



CHAPTER XEI. 


HALOGEN ANTISEPTICS AND OTJIElt HALOGEN COMPOUND 0 
ClILOBINE COMPOUNDS. 


The stroii" germicidal properties of chlorine and of hypo- 
chlorous acid have long been knowfn. Bleaching po\vd(*r, 
which is essentially a compound of calcium chloride and hypo- 
. 0—01 
chloiile, Ca<f 

X C1 


has been used extensively for #nany years 


as a disinfectant, for which its clu apness renders it v(*y suit- 
able. Sodium hypochlorite, NaOCl, is readily soluble in waiter, 
but its caustic and irritant properties prevented its use as an* 
antiseptic for the dressing of wounds. Recently, however, it 
has been shown by Carrel and Dakin that solutions of sod^im 
hypochlorite to which boric acid has been added are far less 
irritant, and very good results have been obtained with* such 
solutions in the treatment of infected wounds. The name 
“ Eusol” has been applied to this solution. Nevertheless, 
these solutions still possess irritant properties, and a furt^ei^ 
improvement in this respect was effected by substituting 
sodium bicarbonate for the boric acid. This modified form of 
Dakin’s solution is prepared by the action of a sc^ution of 
sodium carbonate and sodium bicarbonate on bfeaching-powdA*, 
and care must be taken that it contains from 0'45 per cent, to 
0*5 per cent, of sodium hypochlorite. It has been very largely 
used with great success for the irrigation of wounds. 

'More recently, organic chloramines have beenA introduced 
by Idakin as substitute! for sodium hypochlorite. •These sub- 
stances were first discovered 1 and investigated bv Chattawav 

1 Chattaway, J. C. S. t 87 (190 5J? 145. 


I7Q 



i8o f r { SYNTHETIC DRUGS 

and* are prepared by the action of hypochlorite solutions upon 
organic compounds containing the imino ( — NH — ) or amino 
( — NH 2 ) groups, whereby chloramines containing the ( — NCI — ) 
group, and dichloramines containing the ( — NC1 2 ) group, are 
pfoduced. Physiologically, their action resembles that of hypo- 
chlorite, but therapeutically they possess many advantages 
over it. For example, they are far less irritant, and are stable 
solids which can be dissolved in water to give solutions of a 
definite strength, whereas sodium hypochlorite cannot be kept 
i >n the solid state, and its solutions are always of somewhat 
uncertain strength. 

The best known and most used of these chloramines is the 
substance introduced under the name of Chloramine T. 1 It is 

CH 3 

sodium p-toluenesulphonchloramide, /\ and 

" SO.— NCINa, 3H 2 0, 

is prepared from ^-toluenesulphonyl chloride, a by-product 
:in the manufacture of saccharin. This by treatment with 
'Ammonia is converted into j9-toluenesulphonamide, which on 
warming.with sodium hypochlorite solution is converted into 
Chloramine T. 

CH 3 . C 6 H 4 . S0 2 C1 -> CH 3 . C 6 H 4 . S0 2 . NH, 

- <> CH a .C 0 H 4 .SO 2 NClNa. 

It is also prepared by dissolving Dichloramine T (see below) 
in hot caustic soda solution. 2 This substance is also known by 
uhe trade name of Tolamine. 

It is a stable crystalline compound which is soluble in water, 
and has been o’ great value in a variety of septic conditions, 
especially in military surgery for the treatment of infected 
wounds. T js freedom from irritant properties has rendered it 
particularly useful in the treatment of injuries to the mouth 
and jaw. It L also used as a disinfectant lotion in cases of 
infectious di -ease such as scarlet fever, measles etc. 

The corresponding dichloramine, j^oluenesulphondichlor- 

1 Dakin, Cohen, Daufresne and Kenyon, Pror . Roy. Soc., B 89 (1916), 
232; Dakin, Coaen, and Konyon, B. M. J. (1916), ICO. 

2 Chattaway, loc. cit. 
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amide, 


0 


is also used as an antiseptic under the 


S0 2 — NClo, 

name of Dichlor amine T. 

It is readily prepared by dissolving p-toluenesulphonamide 
in bleaching powder solution, or by the action of hypochlorous 
acid upon Chloramine T. 

It js used for the treatment of wounds 1 in the form of a 
solution in solvents such as “ chlcfrcosane ” (chlorinated p^raffii# 
wax) and chlorinated eucalyptol. Its oil solution # has also 
been used as a naso-pharyngoal sterilizer in cases of menin- 
gitis, and complete sterilization of the # carrier has been claimed 
by this means. 

Another dichloramine derived from p-toluenesulphonamido 


is p-sulphondichloraminobenzoic acid, 


COOH 



This 


• S0 2 — NClo 

substance is known as Halazone, and is specially recommended*, 
for the sterilization of drinking water . 2 I*t is prepared by 
heating p-toluenesulphonamide with bichromate and sulphuric 
acid, whereby the methyl group is oxidized to the carboxyl 
group with formation of p-sulphonamino-benzoic # acid. # This 
acid is then dissolved in caustic soda solution, and treated 
with chlorine gas in the cold to form the desired iiehioramino 
acid. 

CII, . C rt II 4 . SOo . NH 2 -> COOII . C, t H 4 . S0 2 . NH,^ 

• COOH . 0 # 1I 4 “S0 2 . NCl a . 


Iodine Compounds. 


Iodoform and its Substitutes. — Iodoform has? been very - 
extensively used in # surgery as a dressing % f or wounds, as it 
seems to promote healing as well as exerting an antiseptic 
action. In lalforatory experiments in vitro , iodoform has $o 
slight a bactericidal pdwer as to indicate that it would be use- 
less for such a purpose, and its antiseptic action appears to lie 


1 Dakin and Dunham, Pharm. Journal, JLOO (191f?), ?I 2 . 

2 B, M. J. (1917), 683. 
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o fl 

due to the free iodine liberated when it comes into contact with 
fat, putrefactive material, etc. 

Iodoform is prepared according to a well-known method by 
the action of free iodine on a^' warm mixture of acetone or 
aKsohol and sodium hydroxide or carbonate solution. ,in this 
process, part of the iodine is used up in forming alkaline iodide, 
from which lree iodine has to be again regenerated before it 
can be used for the manufacture of a further quantity of iodo- 
form. For this reason, various electrolytic methods fo; pre- 
paring iodoform have been devised. One of these consists in 
electrolysing in a current of carbon dioxide a warm solution 
of potassium iodide to which alcohol has been added. 1 

The same method can he applied to the preparation of chloro- 
form and bromoform, but in these cases the stream of carbon 
dioxide is unnecessary. Iodoform is also manufactured by 
passing ozone through a solution of potassium iodide and 
;odium carbonate in 30 per cent, alcoho], at a temperature 
>f 50° 0. The ozone is passed into the liquid until all the 
>otassium iodide has been decomposed. 11 

, Iodoform, in spite of its many valuable properties, suffers 
rom some seriolis drawbacks, the chief of these being its 
xwvcrful odour and the fact that it often has an irritant action 
m the skin, giving rise to a kind of eczema. It also has toxic 
properties, which sometimes give rise to definite symptoms of 
poisoning. In order to mask the odour of iodoform, many 
preparation have been introduced in which it is mixed with 
strong and pleasantly scented substances, but these need not 
Ijc mentioned here. On the other hand, by combining iodoform 
with inodorous substances, its volatility can be lowered and its 
odour destroyed! 

or example, 9. compound of iodoform with hcxa-methylene- 
tetramine is inodorous, and is known as iodoform in and a 
similar compound with hexamcthylene-teiramine-ethyl iodide 
was introduced under the name iodoformal* but both of these 
compounds fire decomposed by water into their components, 
and hence in practice they possess no advantage over a mere 
mixture. 


1 D. K. P., r 29,771 
87,812, 


2 Ibid., 109,013. 
89,243, 
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Of far greater importance are tho efforts that have been mitde 
to produce other insoluble compounds which should possess 
the valuable properties of iodoform in promoting the healing of 
wounds, and have the furthered vantage of being less irritant 
and toxic than iodoform, and# free from any powerful odoi^r. 
Many substances have been prepared in attempting to meet 
these requirements, and these comprise derivatives of iodine as 
well as those of other halogens and of various metals such as 
bismyith. Of the various iodine derivatives, pure and simple, 
that have come into use, only <$ne of them, iodol (tetraiodo- 
pyrrol), resembles iodoform in the fact •that its action is (ttic to 
the actual liberation of iodine. Airol , a bismuth expound, 
which also liberates free iodine, has been considered in the 
previous chapter. 

In aromatic compounds it is true that the antiseptic power is 
generally increased by the replacement of hydrogen by iodine, 
but nevertheless the latter is too firmly united to *the nucleus 
to be liberated by the action of the tissues, and therefore these 
compounds cannot be compared in their iKition with iodoform. 

In the case of the pyrrol ring, however, the iodine is in a raor' w 
labile state, and tetraiodo-pyrrol — 

I— C C— I 

1 l 

I — C C I 

\ / 

Nil 

resembles iodoform in its action, and has the advantage of being 
odourless and non-irritant, as well as insoluble. It is used its 
an iodoform substitute under the name of iodol , and is pre- 
pared by the action of iodine on an alkaline Solution of pyrrol, 
the latter being obtained from “ bone-oil.” 1 • * 

There are, however, many other organic derivat^es of iodine 
which possess antiseptic properties, and are used as iodoform 
substitutes, although their mode of action istajuite different. 
*For example, by the addition of a solution of iodirre in potassipm 
iodide to an alkaline Solution of a phenol, compounds are pro-* 
dueed containing two atoms of iodine, one of which replaces 
• 

1 D. R. P., 35,180, 38, «3, 
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a nuclear hydrogen atom, and the other the hydrogen of the 
lydroxyl group. By the action of sodium sulphite, the iodine 
,tom can bo removed from the 01 group and the mono-iodo- 
ubstituted phenol formed- £ different type of iodophenol 
& produced by the action of iodino in potassium iodide on 
)henol-carboxylic acids in presenco of an exact amount of 
.lkali, whereby the COOH group is removed by loss of C0 2 , 
.nd iodine enters the nucleus but not the hydroxyl group . 1 

/\COOII . v 

^or example, ,w^en treated in this way, yields tri- 

CH 3 VOII, 

Ddo-meta-cresol, . The same product may also be 


>reparcd by adding a solution of iodino in potassium iodide to 
, very dilute solution of mcta-cresol in alkali . 2 

The iodoxyl compounds, containing the group — 01, possess 
narked antiseptic and anti-syphilitic properties, but the iodo- 
)henols containing, .iodine in the nucleus do not differ very 
nuch from tho phenols in their action, but they are sometimes 
ised, as they are, convenient crystalline insoluble antiseptics. 

The best known of the iodoxyl compounds is Aristol, di- 
h^nol-diodide — 3 

°*h , 

loUCH, 

ioacu., 


vhich is a favourite antiseptic, but suffers from the drawback 
of being rather unstable and expensive . 4 
duro'phen ^ — 


c 4 H 9 c 4 h 9 

CH S — A # n s — CH, 


01 0 


1 D. R. P., 72,996. 2 Ibid., 106,504. 'Ibid ., 49,739. 

4 Eichhoff, Cd 1 ' latsh.f.pr . Derm. (1890), 2 ; Neisser, Berl. Jclin. W. (1890), 
Nr. 19. 
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is another substance of this type which serves as an odourless 
and non-irritant iodoform substitute. 1 

Tri-iodo-cresol, known by the fancy-name of Losophan, is 
an example of a phenolic compound in which the hydrogen 
atoms of the nucleus are replaced by iodine. These substances 
possess the antiseptic properties of phenols in an enhanced 
degree, but they <jannot be regarded as iodoform substitutes, 
as they do not possess the characteristic iodine action, and are 
also t^p corrosive in their action on the skin. 

Tetra-iodo-phenolphthalein has* been prepared by many dif-# 
ferent methods. 2 Phenolphthalein itself — 


(C i; H 4 . Oil). 



0 


when taken internally has a mild purgative action, bjit is other- 
wise physiologically inert ; but the tetra-iodo-derivative — 


CUT, 


(C (i HJ,OII),-0/ ^CO 


O 


called Nosophcn , has powerful antiseptic properties. As Unis 
substance contains two hydroxyl groups, salts can be prepared 
with the heavy metals such as zinc, iron, mercury, atfd bisAiuth, 
but these have not come into use, although they combine the 
antiseptic action of nosophon with the useful properties of th*— 
metal. • • 

Isoform is the name that has been given to para-iodoKy-anisol, 

CH 8 <(~^>IO,j, a colourless insoluble powder tfyt has been re- 
commended as a dry antiseptic, and which is !#iid to It) especi- 
ally valuable in the treatment of mercurial stomatitis. 3 It is 
obtained by the oxidation of para-iodo-toli?toe, CII 3 <(^>I, 
whereby CH 3 <(^> IC§1 2 or CIl/ )lO is formed cither being 
easily oxidized ?o CII. { < ^ ^ >I0 2 . 4 Commercially, it is not m^t 


*D. R. P., 56,830, 61,575. 
a Classen, Ber ., 28 (1805), 1606 ; D. R. I\, 
<fe Co., D. R. P., 143,506. 

8 Siebert, Deut. med, W., 7 (1807), 256. 


85,030, 86,069, 88,390; Kalle 
4 D. R. P., 161,725. 
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with in the pure state, but owing to its explosive nature is 
mixed with calcium phosphate or glycerol. 

SozoioAol , G ( JI J 2 (Ofl) (SO ;J IT ) } probably owes its antiseptic 
action partly to its strongly ^acid character. Its zinc and 
Horcury salts are useful preparations for the administration of 
these metals. 

Lor din is iodo-hydroxy-qui noline sulphonic acid — 

SO., IT 



N Oil 


prepared by Claus by the sulphonation of hydroxy -quinoline 
with fuming sulphuric acid, and treating the reaction-product 
with iodine. 1 2 * This substance is said to be an iodoform sub- 
stitute free from unpleasant effects. Its sodium salt has been 
used in tuberculosis under the name of Griaarin^ Other simi- 
larly constituted compounds with the same kind of action have 
been prepared , and iodo-chlor-hydroxy-quinoline 4 has been in- 
troduced as a non-poisonous iodoform substitute under the name 
of Vioform. 

Substitutes for Alkaline Iodides. — Another important class 
of iodine compounds includes those substances which have been 
prepared with the object of producing substitutes for the alka- 
line iodides. The latter are largely used in medicine, but arc 
liable to op^se unpleasant symptoms, to which the term “iodisrn ” 
is given, and for this reason a very large number of drugs have 
been introduced with the object of furnishing substances which 
should possess the therapeutic value of the alkaline iodides 
without giving' dse to the symptoms of iodisrn. 

Iodoform har. been used internally, being for the most part 
converted by the organism into alkaline iodides, hut it has no real 
value in this rr pect. Compounds of iodine (and of bromine) 
with fats whi m gradually split off their iodine appear to be very 
pood substitutes for the alkaline iodides, compared with which 
they are said to possess many advantag is J' 

1 X). li. P., 45,220. ‘ J Ibid., 72,042. 

AAfioth. ZUj. (1001), 008. Hu. It. P., 117,767. 

** H, VViutcrnit j, Dcut. nwd. IP., 23 (1807). 
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Iodipin is ofte of tho best known substances of this type, and 
is a combination of iodine and sesame-oil . 1 

Iothion is di-iodo-hydroxypropane, C 3 fr f i 2 OII, and is used in 
the form of ointments as a substitute for tincture of iodine. 

lodival is mon-iodo-isovalerylmrea — 

* CH 

>Ctf— CIII— CO-r-NH-CO-NII.„ 

( 311 / 

and is^dministered internally as a substitute for iodine and the 
iodides. It is said to be specially useful in nervous diseases,# 
and in syphilis. 

cn 3 ° 

Para - iodo - (jnaiacolf HO'C^Z/ — T, i s decomposed into its 
components in the intestine, and has been recommended as a 
substitute for the iodides. 

The thyroid gland contains iodine in organic combination, 
and various attempts have been made to prepare a similar 
substance to the so-called “ iodo-tliyrine ” by combining iodine 
with proteins. The products thus obtaindl do not resemble 
iodo-thyrine in their physiological effects, but they form useful^ 
substitutes for the alkaline iodides. Compounds of iodine with 
proteins are readily obtained by the addition of iodine in potas- 
sium iodide solution to aqueous protein solutions, or by adding 
finely powdered iodine to warm aqueous solutions, #ind coagu- 
lating the product with acetic acid.'* One oi the best known 
compounds of this type is Todotflidini i, a compound of iodine^ 
with gliadin, the vegetable protein obtained from wheat. ^ Tt 
behaves in a similar manner to potassium iodide, but is said 
also to increase *the metabolism, thus resembling iodo-thyrine 
in this respect . 4 Another compound of iodifffi an<J yrotein is 
Iodalbin, which is also used as a substitute *for the alkalrae 
iodides. 

Bromine Derivatives. 

9 As in t&e cai-ti of iodine, tho entrance of cl».v je 

int# aromatic compounds increases their antiseptic power, but 

• • 

* 1 Merck, V>. R. P., 159,748. - Chennhcr Xritrj., 31 (1907), 175. 

3 Hopkins and Broo* Jonrn. of Physiol., 22 (1897), P¥.* \ 

*DeuL med. W., 37 ( 1907 ), 1490 . 
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the chloro- and bromo-phenols have so strong ad irritant action 
that derivatives of that type have found no therapeutic applica- 
tion. 

On the other hand, the alkaline bromides are of very great 
^medicinal value, being especially important in the treatment of 
certain nervous disorders. Potassium bromide has some draw- 
backs precisely similar to those attending the use of potassium 
iodide, and so efforts have been made to find substitutes which 
will possess the useful sedative properties of potassium Komide 
without its drawbacks. 

The substances here described are therefore not antiseptics, 
but are nervous sedatives and mild hypnotics. They are in- 
cluded in this chapter op account of their close chemical relation- 
ship to the iodine compounds described in the previous section, 
though they are therapeutically related to the hypnotics described 
in Chapter IV. 

Bromipbi is analogous to iodipin, and is said to be a valuable 
substitute for potassium bromide. 

OH 3X 

Valcrobr amine, ^CII— CHJBr — COONa, is said to be free 

C 11/ 

from the drawbacks of potassium bromide, while retaining its 
sedative properties. It is also said to derive a sedative action 
from the presence of the valerianic acid grouping, but this 
seems doubtful. It is obtained by the action of bromine on 
valerianicracid, whereby bromo-valerianic bromide is obtained, 
which is then hydrolyzed with water and neutralized, giving 
’Valerobromine — 

CPU ' civ 

‘ )CH— CIH-CO . OH ' >C1I— CHBr— CO— BR 
CII/ (, ; • CH/ 

CII 3\ 

p s CJd — CHBr — CO . ONa 

/ CH/ 

Other derivatives of a-bromoisovalerianic acid which are used 
as nervous redatives are its ester with burned, 

C 4 H 8 Br — COOC 10 H l7 , and its urea derivative,^ 

CH 9 - 

' /cHM3HBr— CO— NH— CO— NH 2 . 

ch/ ' 
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The former is *known as Brovalol and Eubornyl. The latter, 
which is exactly analogous to Iodival in constitution, is known 
by the names of Bromurul and Dormigeite. 

Another bromine derivative oi # urea which is used as a safe 
hypnotic is Adalin, 1 bromdiethy ^cetyl urea, 

’ C,H 

^CBr . CO . Nil . CO . NIL, 

C,H/ 

In thi^compound, the mild hypnotic action of the 
— CBr . CO . NIP. CO . NIL, 

group is probably enhanced by tho presence of the two ethyl 
groups united to it (cf. Chapter IV.). 

Bromoglidine is a compound of wheat* protein with bromine i 
and Bromalbin is another bromine derivative of protein. Both 
are used as substitutes for the alkaline bromides, and they are 
respectively analogous to Iodoglidine and Iodalbin. 

1 E. P., 2888 (1010). 
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INORGANIC ANTISEPTICS AND METALLIC COMPOUNDS. 

Most of the non-metallic inorganic antiseptics, like the chlorine 
compounds described in the previous chapter, owe their antiseptic 
properties to their oxidizing power. Practically the only ex- 
ception is boric acid, IP. BO.,, which is a very weak antiseptic. 

" Hydrogen peroxide, ILO.,, is a very useful antiseptic and dis- 
infectant. In the presence of wounds and septic conditions it 
is decomposed into water and nascent oxygen, and has the great 
advantage of being odourless, noil-poisonous, and almost free 
from irritant action. Other advantages of hydrogen peroxide 
are that it does nrt precipitate protein, and leaves only water 
when it has exerted all its antiseptic action. 

A 30 per cent, neutral solution of hydrogen peroxide is known 
as Perhydrol. The peroxides of the alkaline-earth metals may 
bC'regarded as derivatives of hydrogen peroxide, and Magnesium- 
Perhyd-rol pr Biocjen (a mixture of MgO and Mg0. 2 ) and Zinc- 
Perhydrol or Ektogen (a mixture of ZnO and ZnO L ,) are used as 
antiseptic 0 ; the former is for internal and the latter for external 
use. 

A Another compound of this type which may he regarded, 
as a derivative of hydrogen peroxide is sodium perborate, 
NaB0 3 ,4HX>, k own as Per borax. 

Various orgai ic derivatives of hydrogen peroxide have been 
prepared, l mt as they owe their antiseptic properties solely to 
the liberated o v ygen, they have not been considered in the 
chapters devcvS to the true organic antiseptics. An example 
of this type ?s benzoyl-acetyl hydrogen peroxide - ' o 

■J 6 H, . COv 

CJL . CO — 0 — 0 — CO . CH 3 or >0 = 0 . 

CK,. CXK 

known as Aietozone 

190 
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For a similar reason, various metallic salts of organic aqjds 
are also included in this chapter, rather than in that on the 
organic antiseptics, as their action depends on the metal and 
not on the organic acid radicle. # 

Derivatives of Mercury. — AJercury compounds are used very 
considerably as antiseptics, and also in the treatment of syphilis. 
The part played by antiseptics in the specific treatment of 
protozoal diseases was discussed in Chapter XI., and in this 
section a description is given of the various preparations of 
mercury, and the raison (Voire of their existence. 

As antiseptics, mercury salts sutler hfmi the drawback* that 
metallic instruments cannot bo immersed in them, and - for the 
treatment of syphilis, their corrosive, irritant and toxic nature 
is a serious disadvantage. For this reason, many efforts hatfe 
been made to prepare soluble mercury salts which can bo injected 
without giving rise to the bad effects of the simple soluble salts, 
such as the chloride. In another direction, attempt:* have been 
made to obtain soluble mercuric salts in which the electro- 
negative character of the mercury is maske^l, so that solutions 
may be used for the sterilization of metallic instruments without , 
the former being reduced with liberation of yietallic mercury. - 
Another drawback of mercuric chloride is the fact that it is not 
very soluble, and only dissolves slowly. * 

A method of administering mercury which has found a good 
deal of favour is by intramuscular injections of calomel (mercur- 
ous chloride, IlgXL), and of metallic mercury. Foj example, 

“ Lambkin s Cream ” (No. 1) consists of an emulsion of 4j 
grams calomel and 20 grams “ creocamph ” made up to 100 fe.c.* 
with palmitine or # carbolized liquid paraffin. The “ citocarnph ” 
is a mixture of equal parts creosote and cam^oric acid, and is 
used to minimize pain at the site of the injcctipn. Tltis cream 
(No. 1) is followed by No. 2 which resembles it except that the 
5 grams of calomel are replaced by 10 grams c[ free mercury. 

A stronger mediuifi is “ Grey Oil ” which coffins 40 grams 
qf. metallic mercury, 26 grams of lanoline, and '60 grams of 
vaseline, this being 40 grains of mercury to 100 c.c. compared 
with 20 grams to 100 c.c. in the case ol Lambkin’s Cream, 
•No. 2. % 

Sometimes the older method of using mercurial ointment (the 
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ol^ate or the free metal) is preferred, in spite of the indefinite 
amount of mercury that is absorbed through the skin, as com- 
pared with the exact amount administered by intra-muscular 
injection. Colloidal metallic morcury 1 has been tried as an 
injection medium, and various phenolic derivatives of mercury 
have been prepared , 2 such as the mercury salts oi phenol, 
naphthol, resorcinol, and tribromophenol, but these latter do 
not appear to be suitable for injection. The dimethyl, diethyl, 
and diphenyl derivatives of mercury are too dangerously toxic 
to be of any therapeutic value. Most satisfactory results 
seen* to have been obtained with mercury derivatives of acid- 
amides, > and amino-acids. Mercury derivatives of formamide, 
(H . CO . NH — ).JIg, and of succinimide as well as those 

( c ' n <co> N )“ e ’ 


of asparagine, [NH^.CO — CII(NII 2 ) . COOJJlg, and alanine, 
[CH 3 — CH(NH 2 ) — COO] 2 Hg, have been prepared. Of these, 
mercury succinimide has been used in medicine under the name 
of Ilydrargol. 

Good results are said to have been obtained with secondary 


mteury salicylate, C t 5 H 4 


\ / 
\o/ 


Hg, a substance from which 


the mercury cannot be precipitated with H 2 S. Although this 


compound is itself insoluble in water, it yields soluble double 
sa\ts with the alkali chlorides. Mercurous tartrate, prepared 
by Lustg^.rten, is decomposed by the intestinal alkali, with 


liberation of finely divided mercury. 

Of the .various injection media that have been tried, the 
best results, so tar, appear to have been obtained w,ith various 
protein preparations. Some of these, obtained from glue, are 
soluble in watr jf> in any quantity, and ar‘> not precipitated by 
protein, nor feted on by alkalies with liberation of mercury (cf. 


Sjlver). 

The mer<rurv salt of para-phenol-sulphonic acid, known as 


1 Lottermoser, Journ. prakt. Chem. t f" (1898), 484. 

a D. R. P., 48,639. 
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Ilydrargyrol, f IIO \ ^ >SO., — 0 — ) 2 Hg, is said not to precipi 
tate proteins, and not to attack metallic instruments. A doubl< 
salt of this substance and ammonium tartrate is more stable 
C 12 H 10 O 8 SJIg, 4[C,H 1 0,(NH 1 ).,i+ 8H..O, 1 and has been intro 
duced into practice under the n*me of Asterol. It is soluble i; 
water, giving a clear neutral solution, from which H 2 S doe? 
not precipitate IlgS. It is stated that aqueous solutions o 
asterol do not precipitate albumen, 2 and though the hac.tericida 
action is only about half that of mercuric chloride, the solution? 
have the advantage of not losing ;!ny of their power in protein 
fluids, and of penetrating further into thfi tissues than solution? 
of sublimate. Asterol does not cauterize wound surfaces, and 
does not injure metallic instruments, and on account of these 
numerous advantages it is recommenced for general surgical 
use. 

Thymegol is a substance of a similar type to Ilydrargyrol , and 
is the mercury potassium salt of thymol p-sul phonic Acid. 

Similar preparations have been obtained by the action of 
mercuric oxide on alkaline solutions of phen-jl-d/sulphonic acid 
in molecular proportions. 3 They are termed Ifermnpkenyl , and 
are soluble in live parts water. Potassium rpercury Jiyposul- 
phito is also said to he non-irritant and easily soluble. 1 

Hy dr argot in is mercury tannato, and To.rynons is sod ill m 
w-acetylaminomercuribenzoate, 

HO — Hg — C t >H ;i (NH . CO . CH ;{ )(C()ONa). 

Soluble mercury preparations which do not attach metallic 
objects have long been used in this country in the form # of 
•potassium mercury iodide, to which alkaline carbonate^ has been 
added. Similar Compounds have been introduced in Germany 
by adding mercuric cyanide, cyan ate, or ^-pheffol-sulph^nate to 
alkaline carbonates. 5 * * 

Silver. — Silver nitrate, besides its well-known eau^ic action, 
possesses strong bactericidal properties, but as 1- is precipitated 
both by proteins and by chlorides, its use is confined to the 
surface of the Ubdy. It would be desirable to obtain a com^» 
pouftd of silver which, *while retaining its bactericidal proper- 

• 1 D. R. P., 157,663. 2 Sfceinmann, Per. klin. W., 11 (1839), 229. 

3 Lumiere and Chevotiifc-, G. R., 132 (1901), 145. • • 

4 Dresor, A. e. P. 1\ , 32 (1893), 456. r 'D. R?l\, 104,904, 121,656. 
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ties, should be free from the caustic action of silVer nitrate, and 
not bo precipitated by chlorides or proteins. Brief mention 
need only be made of colloidal silver chloride and colloidal 
silver solutions, which were at 'me time in great vogue for dis- 
infection of the tissues by intravenous injection. Such methods 
are useless, as the damage done to the tissues is greater than to 
the bacteria, and treatment of this kind is only justifiable for 
local infections (cf. following chapter). 

These colloidal solutions, as also solutions of silver phe .phato 
'in ethylene-diamine, fulfil most of the chemical requirements 
outlined above, but they suffer from various drawbacks which 
have prevented their general application. The compound of 

CH,— NH, 

silver nitrate and ethylene-diamine, | , however, is 

Gil, -Nil, 

used as a substitute for silver nitrate under the name Argen- 
tamin. 

As in the case of mercury, better results have been obtained with 
protein compounds. A njonin is a compound of silver and casein, 
but is difficultly soluble in water and sensitive to light. Pro- 
'*"tiir<jol is a compound of this type which has a higher percentage 
of silver, is free from caustic effects, dot's not precipitate chlorides, 
and has the bactericidal effects of silver. To prepare it, a peptone 
solution is precipitated with silver nitrate solution or shaken with 
moiso silver oxide, and the insoluble compound thus obtained, 
digested with protalbumose. Soluble protargol is formed in this 
way, and is separated from the solution by evaporation in vacuo . 
Similar compounds can be obtained from plant globulins, and 
the corresponding compounds have also been obtained from* 
mercury, iron, copper, lead, zinc, and bismuth. 1 Other silver 
albumini compounds have been obtained from gelatoses (hydro- 
lytic products from glue). 2 Albargin , a powder rerdily solublo 
in water and of .neutral reaction, is a substance of this type. It 
is recommendttd in various septic conditions as a non-irritant 
antiseptic. 

Protosil is another silver protein compound, very soluble in 
’M'ater, and'istnot precipitated by chlorides or by protein? It 

contains about 20 per cent, of silver. • 

a 6. I< 

l V. R. P., 118,353, 118,496. "Ibid., 141,967, 146,792, 146,793. 
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Nargol is *a silver nucleinate, soluble in warm water, &nd 
contains about 10 per cent, of silver. 

Zinc. — Many salts of zinc possess astringent and antiseptic 
properties. A soluble zinc saV-, recommended for various dif- 
ferent complaints as a non-imtant antiseptic, is Nisin, 1 a zinc 
salt of sulphanilic acid, (NH, — C, ; I1, — SO.^Zn, 41LO. 

Zinc perhydrol combines the antiseptic properties of hydrogen 
peroxide with the astringent properties of zinc, and has already . 
beeilhmentioned (p. 190). 

Aluminium. — The astringent properties of ordinary aliyn ar* 
well known. The aluminium salt of * ft naphthol-disul phonic 
acid, [C I0 H /) OU(SO ;{ ) ; ,]. { Al ; ,, is an example of the various organic 
aluminium salts that have been prepared. It is known as 
Alumnolj 1 and is recommended as a mild antiseptic, etc. 

Iron. — Ferric salts resemble those of aluminium in many of 
their properties, and they are used as astringents and styptics. 
For use as a styptic, a double compound of ferric Chloride and 
antipyrine has been introduced under the name of Feyipyrin, 
but it has no advantages compared with ferric chloride itself. 

The chief therapeutic use of iron is, however, in amemia ancj 
chlorosis. For this purpose, the ferrous sail*; are usually pre- 
ferred, as they do not have so great a caustic action as the ferric, 
and hence do not disturb the stomach so much, the unpleasant 
by-effects of iron on the teeth and stomach have ^d topnany 
attempts at obtaining compounds which should be free from 
these disadvantages. * 

By the reduction of haemoglobin, Robo t obtained a substance, 
hcemol, which contains the iron in the same form as haemoglobin? 
and Bunge obtained from egg -yolk a substance from* which the 
iron could not be precipitated by arnmoniui# sulphide. 3 This 
substance was termed Imniatogan % Bunge, tftid a similar sub- 
stance has* been isolated from the liver. 1 A syntheticWIbuminate 
of iron was obtained by Schmiedeberg, 5 but ‘this differs from 
Bunge’s hsematogen fn certain respects. Various other albumin- 
ates of ir<fn hare been prepared, and many of these, as well as 
sorjpe of the foregoingrsubstances, have been plaopd upon tne 

1 Apolheker Zeitmiq (1908), 215. 

2 D. R. P., 74,205; ' Ber. Min. IK, 46 (1892). 

3 Zetit. phiftiinl. uhem. t 9 (1884), 49. • 

1 Ibiq [., 10 (188(3), 453. M. e. 1^ i\, 33 (1894g 101. 
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mapket (Hamol, Hamatogen , etc.). None of these 'organic com- 
pounds are any more powerful agents in the treatment of anaemia 
than the simple inorganic salts, their advantage being simply 
that they are less irritant to the ^astro -intestinal tract. 

'Recently, iron has been used with success in the treatment of 
syphilis (cf. “Arsenic Compounds,” Chapter XIV.). The sub- 
stance which has been found most useful in this respect is ferric 
sulphanilate, Fe(S0 3 ( )>N1I.,).„ known as Fcrrivine . l It is 

a stable substance readily soluble in water. **' 

Compounds of arsenic and antimony, as well as certain 
bismuth preparations, are dealt with elsewhere. (Chapter XIV., 
and pp. 128, 178). 


McDodagh, Lancet (1916), 239. 
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ARSENIC AND ANTIMONY COMPOUNDS. 

Introduction. — Arsenious oxide and the salts derived fyom it 
have for many years been used as tonics and in the treatment ol‘ 
anaemia, while the irritant properties of antimony have fong been 
made use of in potassium antimonyl- tartrate (tartar emetic). In 
this chapter, however, it is proposed to deal mainly with a 
modern development of the therapeutics of arsenic and anti- 
mony, namely, with their use in the treatment of diseases of 
protozoal origin, such as trypanosomiasis (sleopirfg sickness), 
syphilis, etc. This subject oilers a very good example of the 
application of Ehrlich’s views on cheur^o-therapy and the 
action of chemical specilics to which reference has already beeif 
made in Chapter XI. (pp. 170-173). * . 

For the treatment of these diseases, the organic derivatives of 
arsenic, especially those containing an aromatic nucleus, fiave 
proved the most useful. In the case of antimony, its close 
resemblance to arsenic indicates the probability of its useful 
application in the same way, but up to the p resell, antimony 
compounds analogous to the most successful arsenic compounds 
have not been used. • 

Within recent years it has been shown that the “ sleeping 
sickness” of tropical Africa is caused by a protozoal parasite, 
the Trypanosoma yambumse, and tins disease &as found to reject 
to various specifics, such as arsenic, although unfortunately 
their clinical use has not been completely successful. It was 
found that certain organic preparations, of wftich atoxyl was 
*me of tlie firJt to be extensively tried, appeared to be mq^e 
saWsfactory than the* older inorganic preparations, such as 
Fowler’s solution (potassium arsenite). Nevertheless atoxyf is 
devoid of action on $he trypanosomes in vitro , it can only 
become specific for them when it undergoes some change in the 

) 197 * # 
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body. Most of the atoxyl passes through the body unchanged, 
hut the small portion which becomes changed is apparently 
capable of destroying a large proportion of the parasites. Prob- 
ably the arsenic in this portion if. changed into some compound 
oii, an unknown nature, the samo or a similar compound being 
also formed from part of the arsenic in inorganic preparations. 
Although tho active therapeutic agent is therefore probably the 
arsenic content, it is no doubt true that atoxyl possesses ad- 
vantages over inorganic preparations by virtue of its physical 
properties, such as solubility. 1 It is possible that it is able to 
penetrate into tissues which cannot he readily reached hy in- 
organic arsenic. 

Organic arsenic preparations of this type have also been used 
for the treatment of syphilis, but atoxyl does not appear to be 
so useful as mercury in this respect, although excellent results 
have been obtained with some of the newer preparations such 
as Salvarsaii and its derivatives, especially when used in con- 
junction with mercury. 

Antimony possess somewhat similar pharmacological pro- 
perties to arsenic, and on investigation antimony 1 was found 

'i . . J . 

to have an even stronger trypanocidal action than arsenic, but 
its inorganic preparations labour under tin; disadvantage of 
being strongly irritant, while organic preparations of antimony 
analogous t<? atoxyl are difficult to prepare, and are not effective 
therapeutically. 

Bismuth' also has a powerful trypanocidal action, but it 
appears to be too toxic to the host to be of clinical value. All 
three metals, arsenic, antimony, and bismuth, appear to be fatal 
to trypanosomes in concentrations of one in two hundred thousand 
or even less, buMfJushny has shown that a concentration of 
arsenic of one in 1 three thousand four hundred is necessary to 
( kill the harmless non-parasitic protozoa, such as Paramecium 
and Colipidium, while still stronger solutions of antimony and 
bismuth, namely ,,1 0 and respectively, were necessary to 
cj’fect the same result. These substances therefore appear to 
be true specifics against the trypanosomes, in the same way 
as‘quinine is a Specific against the malaria organism. 

1 Cusliny, lUIcit . ; Planner and Thomson, Prdc. Roy. Soc., { B 80 (1008), 
1477. 
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Some varieties of trypanosomes seem to be more sensitive 

to a given drug than others, and it therefore is desirable to use 
as many different specifics as possible i A order that the parasites 
which ’resist one drug may be destroyed by another. It has 
also been established that the trypanosomes rapidly acquire 
a tolerance lor these drugs, and therefore it is necessary to ifte 
large doses at thejcommencement of the treatment. 

Arsenic Compounds. — As was slated above, it seems highly 
prokible that atoxyl — 

O* 

I 

NaO&4As — OTT 



NIL, 


does not of itself exert a trypanocidal action, but 4hat it gives 
rise to other substances which have this specific property. This 
problem has been the subject of extended investigations b^ 
Ehrlich and others, 1 but the question still remains to be delin^ 
itely settled. Atoxyl was first thought to # be an anilide 
arsenic acid, C (; II r> — NH — AsO(OH).,, but it was shown by 
Ehrlich and Bertheim to be a sodium salt Of para-amino- 
phenyl-arsenic acid, NIL, — C ( II 4 — AsO(OII) 2 , an observation of 
very great importance, as it opened up the way for # the prepara- 
tion of a series of different compounds, by which i yea ns it was 
hoped to obtain compounds of a lower toxicity to the East « 
(slightly organotropic) and a higher toxicity to the parasites 
(highly parasit(jfcropic). Eor example, the amino-gjoup may be 
acetylated, benzoylated, etc., or replaced by halogen, hydroxyl, or 
other groups by means of the diaro reaction* whilst toy starting 
with substituted amines instead of aniline, derivatives can*be 
prepared containing groups of the types — NHB and — NBlf, 
instead of NII 2 . (Jf the derivatives thus obtained, some are 
and sonfb (JO $r 70 times as toxic as atoxyl. The entrance of a 
sylphonic acid groujy in the molecule yielded a substance 
toxicity of which is of the same order as sodium chloride, b^it it 


A general account bceu given by Ehrlich, Bet\, 17-47. 
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is also quite inert towards the parasites. 1 This is 'in accordant 
with the general physiological inertia of the sulphonic acids 
The acetyl derivative — # 

, OH 

CH„ . CO . Nil — C,;H 4 — AsO( 

^ONa 

which is known as arsacetin, has certain marked advantages 
compared with atoxyl, being more stable and less toxic to some 
animals, while equally toxic to the parasites. Other acid groups 
Jiave no advantage over acetyl, and with increasing length ol 
the side chain the toxiciily becomes far greater. 

In oraer to make a decided advance, it is necessary to gain 
some idea of how atoxyl and its derivatives act in the animal 
body, as it would obviously be an advantage to use a substance 
as nearly as possible identical with the product of the meta- 
bolism of the body. It is found that arsenious oxide, certain 
tri phenyl methane dyes, etc., can kill parasites in blood serum 
in vitro , but that atoxyl and its derivatives do not, though in 
the body they exert ,a trypanocidal effect in very high dilutions, 
'*>uch as This difference between action in vitro and 

in vivo may be explained by various different hypotheses, such 
as — 

(I; Atoxyl may be decomposed in the body into aniline and 
arsenic acid, the effect on the parasites being due to the in- 
organic arsenic. 

(2) According to Uhlenhuth and Woithe, atoxyl and com- 
pounds of a similar type may stimulate the cells to the pro- 
duction of derivatives (amboceptors) which kill the parasites. 

(3) The body may produce new products of a synthetic type 
leading to the production of more active compounds. 

The -first* of thtse hypotheses is the simplest, and is in 
accordance -with many of the observed facts, but its probability 
is weakened by the fact that no arsenic acid is excreted, and 
preparations haVO been obtained which are from ten to twenty 
times as active as inorganic arsenic. We have Ao knowledge 
uf any actual facts in support of the seoond theory, and wibh 
regard to the tlftrd, it seems probable that some new highly 
active compounds are produced, but Ehrlich^ considers that such 
1 See ( °lso Ehrlich, loc. cit. 
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products of metabolism are simpler than the original compounds, 
and are not very complex synthetic bodies. 

Some significant facts have been brought to light which 
seem to indicate something ofithe nature of these metabolic 
changes.. For example, there seems to bo a close connection 
between the therapeutic efficiency of atoxyl and the resistance 
offered to it by the organism. Thus, a mouse which can readily 
tolerate A J <j is no better influenced therapeutically by this dose 
than is an average mouse which can only stand by that 
dose. One which was very sensitive and was poisoned 
showed a very marked trypanocidal effect. This seems to in- 
dicate that the organism changes atoxyl into a more toxic 
substance, which also acts very strongly on the parasites. A 
change of this kind seems probably to be connected with the 
reduction of the arsenic from the pentavalent to the trivalent 
state. 

Atoxyl, on reduction, gives p-annnophenyl-arsen?ous oxide, 
NH.,< ^ ^ >AsO, and with stronger reducing agents ^-dijLinino- 

arsenobenzene, NH 2 <^ ^>As — As<^ The reduction 

products of this type are generally more toxic and more active 
against trypanosomes than the corresponding* derivatives con- 
taining pentavalent arsenic. The following table shows ^ht 
dilutions at which one cubic centimetre will kill a mouse weigh- 
ing twenty grams : — 



Form in which Arsenic is 1 

• 

’resent. 

Group in para position to 
Arsenic. 

• 

v /OH 
R-AsO^ 

^ONu 

III 

R— As - 0 

<# 

* • 

• 1U in 

R — As - As -ft 

* t 

— NH„ * 

-OH" 

— NH— CH a — COOH 

1 : 200 

1 : 75 
* l : 20 

1 : 15,000 

1 : 1 2,000 

I : 1,000 

U: 0,000 

1 : 1,000 

* 1 : 70 



. *6^;* 

... . 1 




These reduction products show a very 'marked trypanoci- 
dal action, even in vitro . p-Hydroxy-phenyl-a^eftious oxidg, 


TIOC>s = 0, is the strongest, and in a dilution of one in ten 
million kills# trypan osofnes in one hour. V£hen it is^&ilized that 
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atoxyl does not kill trypanosomes even in five pei' cent, solution, 
and that the hydroxy compound, HO<^__^>AsO(OH)(ONa), 
does not do so in one or two per cent, solutions, it will be seen 
what an enormous change is produced by reduction. This is an 
example of the increased toxicity of unsaturated compounds (e.g. 
carbon monoxide, hydrocyanic acid, acrolein, etc., cf. Chapter 
II.). The increased trypanocidal action in intro is accompanied 
by an increased action in vivo. One cubic centimetre of a one 
in forty thousand solution of ^-hydroxyphenyl-arsenious^oxide 
caused the parasites to vanish from the blood of a mouse and for 
it to remain free for seven days. In the other members of the 
series, action in vivo is parallel to action in vitro, and therefore it 
indicates that the action of the derivatives of phenyl-arsinic acid 
is due to a reduction process, and indeed most of the evidence 
from all sides points to the probability of the trypanocidal action 
of arsenic and antimony being dependent on the presence of these 
elements ill the trivalent state. 

Sonje of these trivalent aromatic arsenic compounds are 
now extensively ysed in therapeutics. These are of the type 
R — As = As — R, rather than of the type R — As = 0, and are 
distinguished byrtheir comparatively low toxicity. The reduction 

product of atoxyl itself, N1L<^ ^>As — As<^ ^J>N1L„ has very 

high trypanocidal powers, but the compounds that have had 
the , greatest success are dihydroxy-diamino-arsenobenzene, 
H0<^ \\s = As/ /OH, and its derivatives, and the reduc- 

(HI, ° “ Nil, 

tion product from phenylglycine-arsenic acid — 


4 (HO).jAsO . tyi, Nil oh, . ( ;ooh, 

namely, c 

HOOC 1 — 011.,-^NH— < «>As = As<_>NH . OIL— COOH. 
These compounds will be discussed in the next section. 

The aliphatic arsenic compounds are, at the present day, of 
no very great therapeutic importance. Cacodyl — 


OIL, 


HH, 


' >As— As/ * ' 
CH/ hJIL 


s poison6us, but the very soluble cacodylic acb 1 , (CH a ), = 
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As ^ is comparatively harmless and inert. By reason of 

their excessive stability, its salts do not show a strong enough 
arsenical effect, and therefore do not find any therapeutic appli- 
cation. r J?ho same applies to “ new" -cacodyl (ArrJienal), whiclf 
is monomethyl-arsinic acid, CH 3 — AsO(OJI) 2 , all these ali- 
phatic compounds having been practically superseded hy the 
aromfetic. 

An account of most of these aliphatic arsenic compounds, 
and of the earlier aromatic ones, is givcti by Martindale hi a * 
paper communicated to the International Congress of Applied 
Chemistry, London, 1909. Section VIII. B, p. 28. 

Guaiacol cacodylate, (CII ;{ ) 2 AsO . O fC, ; lI 4 . OCII g , H 2 0, is 
known as Cacodyliacol (p. 107). 

Aromatic Arsenic Compounds. — Atoxyl was the first aro- 
matic arsenic compound to attain an extended us'j in thera- 
peutics, and it is still the best known. By heating aniline 
arsenate, Bechamp 1 * in 18(53 obtained a substance winch he 
took to be the anilide of arsenic acid, C, ; I I , --N1 1 AsO(OII) 2 , 
and described the sodium, potassium, barium, and silver salts.-* 
A sodium derivative of this substance was introduced into thera- 
peutics under the name of atoxyl, and its correct empirical 
formula was established by Bourneau,- who attributed to it the 
/OH 

/ 

str ucture C,.H:— Nil — As - O . It is, however, «l neutral 

V)Nn 

’substance, and the sodium-free product obtained frrjm it was 
found to be acid, and to he identical with the product obtained by 
Bechamp. 3 It seemed unlikely that yds compand, C^k^O^NAs, 
was really ctn anilide, and Bhrlich and Bertheim were able ti> 
show conclusively that it was para-amino-phenyl-arsinic acid, 
having the structure, '* 

/OH 

NH.,vlZ>As - O. 

* * N — \ 

x O I i 

1 Beclmmp, C. R.-M 56 (1803), 1173. 

54 Foulneau, Journ. Tharm. Chini ., G Series, 25 Q.907 ) , 332. 

3 Khr\di and Bertheim. JJer.. 40 (1007^ 32‘J2. # 
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" The iouowing were the chief reasons in support of this 
view : — 

(1) Atoxyl cannot be hydrolyzed into arsenic acid and 

aniline by any of the ordinary agents used to hydrolyze 
♦•anilides. * 

(2) It contains a primary amino group, which is easily 

diazotized and coupled with phenols and ailiines. It is readily 
acetylafced, yielding a stable acetyl derivative. t 

(3) Atoxyl corresponds ii] its properties with the arylarsonic 
aci^ls of the type previously described by Michaelis and lleese. 

(4) Hydriodic acid reacts with atoxyl, replacing the arsenic 
group by iodine with formation of para-iodo-aniline, NIL< ( ) >I, 
,thus proving that the arsenic and the amino group are in the 
para position to each other. 

Atoxyl is prepared by heating arsenic acid with an excess of 
aniline at I80 J -I ( J0 U , or by heating aniline with aniline arsenate. 
The sodium salt is then obtained by extracting with sodium car- 
bonate- and recrystallizing. The acid is often known as arsanilic 
acid, and its sodium salt as sodium arsanilate, by analogy to 
t sulphanilic acid, NPL.^^SO^ — OIL 

These terms, on account of their convenience, will hereafter 
ba used to de note these compounds. 

The sodium salt of this acid contains water of crystallization, 
the 'amount varying somewhat in the different commercial 
products. “ Soamin” is the name given to a pure product of 
spdium arsanilate crystallized with five molecules of water. 
Other commercial products of this salt are known as Arsamin, 
Atoxyl , tic. These are used for the treatment of sleeping 
sickness, syphilis, and other diseases of protozoal origin, but 
unless {hey arf used wWi caution, unpleasant and even 
liangerous by-effects, of which blindness is one of* the worst, 
may arise. 

‘ /OH 

The acetyl derivative, OII a . CO — NII< ^ ^ >A% ~ OJ 51L,0, ,’S 

" ’ . ^ONa • • 

s&id to be less 'toxic to many animals than atoxyl itself, and ha^ 
the advantage of being more stable, so f that its solutions can 
be sterilized l\ r boiling. It is known as Arsacetin or Acetyl- 
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atoxyl , and the»acid is readily prepared by the action of acetic 
anhydride on arsanilic acid. Arsacetin is then obtained ‘by 
neutralizing with soda. • 

Ortho-toluidine yields derivatives exactly analogous to those 
obtained from aniline. For example, 2-amino-tolyl-5 arsinic 
acid— # • ’ * 


Nil, 

icii, 


HO— As— OH 


II 

o 


is obtained by heating o-toluidine arsenate with twice its weight 
of o-toluidine at 180’- 185°. The sodiuift salt is then obtained 
by treatment with sodium carbonate. 1 

The free acid can be acetylated, and the acetyl-compound 

yOU , 

yields a sodium salt, Oil,— CO— NH< ~\\sO( analogous 

cnf X ONa . 

to arsacetin, and known by the trade name 61' “ Orsudan" It 
is soluble in two and a half parts of water at body temperature,# 
and resembles arsacetin in its action, being used in tHe same 
way for protozoal diseases. 

#i.s-2-amino-tolyl-5 arsinic acid — 


Nil 


OH 


C1II, | G IT, 


'I 

o 


is obtained as a by-product of th<j action Si o-toW^line on 
o-toluidine arsenate, and it also yields the corresponding sym-* 
metrical diacetyl derivative by treatment with acetic anhydride. 2 2 
In the same way, fris-j>aminophenyl-arsinic acid ig obtained as a 
b^-product*in the preparation of arsanilic acid, and this com- 
> pound also yields a diacetyl derivative. By the preparation 
the following compounds : — 

^Wellcome and Pyman, English i/aient (I’jumj, «55. 

* flyman and I&ynolds, J. C. S ., 93 (1#08), 1180 .• * 
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NIL, 

ACH, 


NH, 


NIL, 


AsO(OH), 




AbO(OH), 

2-amino-tolyl-5 arsinic 1-amino-naphthaleno- 
acid. 4 aVsinic acid. 


Ubn 3 

AsO(OII), 

3-amino-tolyl-G 
arsinic acid. 


Nil, 

pi 


AsO(OIi)., 

1 -ehloro-2-amino-phcnyl- 
5 arsinic acid. 


NIL, 

OU.U 

AsO(OII), 

l-4-dimethyl-2-amino- 
phenyl-5 aiUnic acid. 

enda'and Kahn 1 showed that the reaction of arsenic acid with 
aromatic amines is a general one, if the para position to the 
amino group is free. They also noticed the formation of arsinic 
NIL, — Rv .0 

icids of the type _)As\ > well as those of the 

• mi r -iv x oh 

ype JIIL, — R— AsO(OH) 2 , but this had not been noticed by 
36champ or by 2 ).. and R. Adler, who had just previously pre- 
pared 2-ami no-tolyl-5 arsinic acid and l-amino-naphthalone-4 
irsinic ,acid. 3 * 

By acetylation and subsequent oxidation of the former they 
ib'tained acetyl-anthranil-arsinic acid, which by hydrolysis yields 
inthraiTiil-ft vsinic acid, which was then converted into salicyl- 
irsinic acid by the dia/o reaction. 

Nl*l.. Nfl . CO . on., 

■ cr - or- 

AsO(OII), AsO(OH), 

<■” ,klL 

r^COOH 

* u 

t AsO(OTI), 

Anthranil -arsinic 
acid. 


Nil . CO . CH, 
|COOII 

AsO(OII), 


on 

COOK 


AsO(OH), 

Salicyl-arspiio 
6 acid. 


^ Para-hydro^y-phenyl arsinic acid, IlD\~^>AsO(OH) 2 , is ob- 

1 Benda and Kahn, £>Vr., 41 (1008), 1072. 

* ‘ 2 A. and«H. Adlor, Her., 41 (190oj, 031. \ 

• A ■' ( 
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tained from arsanilie acid by the diazo reaction, 1 and it has also 
been obtained by the action of phenol on arsenic acid at 150 g , and 
the homologues of this acid may be obtained in a similar manner 
from ortho or meta cresol, or by the diazotization of the corre- 
sponding amino-acids.'* 2 As obtained from phenol it is a syrup, 
and it can be purified by recrystallization of its sodium salt? 
Para-hydroxy-phenvl arsinic acid is not used therapeutically, but 
is the starting-point for the production of some very important 
derivatives. 

The arsinic acids of the type IGN^ — AsO(OH) a and t 
mo — AsO(OH) 2 do not appear to*have found any thera- 
peutic application. Para-dimethyl-amino-phenyl arsinic acid, 
(GII 3 ) 2 N . C rt H 4 . AsO(OII),, is obtained hy the action of arsinic 
trichloride on dimethylaniline, whereby (CIt ;! ).,N . O t -II 4 . AsCU 
is formed, which is hydrolyzed, yielding the acid (CH 3 ) 2 N . G h H 4 - 
— As(OII) 2 , which gives the arsinic acid by oxidation with 
hydrogen peroxide. 4 It is also formed by the action $f dimethyl 
sulphate on an alkaline solution of arsanilie acid. , 

An important derivative of arsanilie acid^is phenylglycine- 
para arsinic acid, which is obtained by mixing solutions oP 
sodium arsanilate with chloroacetic ^icid in h„*t aqueous solu- 
tion — r> 

•i 

II 

HO\ I 

/As — / V— N — [II + Cl j — CII . — COONa 

NaO X .1 N — 

6 


no v 

= , >As(W Y~ Nil— Cll.,— COOSTa + IICl. 

NaO' 

This substance is of importance, O'i ing to thf* lact that its re- 
duction product containing the arsenic in the trivalent^condition 
is of great therapeutic value. This and other derivatives con*-' 
taining trivalent arsenic will be considered in > the following 
action. * ti 


^Barrowcliff, Pynian, and Rcmfry, J . C, <S., 93 (1908), 18J)3 ; Bortheiin, 
Ber., 41 (1908),* 1853. * 

• 2 D. K. pr, 205, G16. E. P., 0322 (1915). 

4 Michaolis, Ber., 41 (’£08), 15H ; D. K. P., 200,605. 

*lbid., 2t|, 664. '* 
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t The benzene-sulphonyl derivative of atoxyl, , 

^ONa 

C, i rL.- , S0 2 .NII<“3 As,= 0 - 

> \oiI 

ts known as “ Hectinc ,” and lias been successfully usted in the 
local treatment of syphilis. 1 

A compound of arsanilic acid with allyl-thiourea (cf. p. 239) 
has been prepared, and is said to have valuable therapeutic 
properties and low toxicity.‘ J « 

* Tue arsinic acids n ( nd their derivatives described in the pre- 
ceding pages are mostly prepared by the action of arsenic acid 
on a primary amine or a phenol, and this is the simplest method 
in those cases where it h applicable. A more general method of 
preparing arsinic acids has, however, been devised by Bart. 3 It 
consists in diazotizing a primary amine, and treating the diazo 
solution with a metallic arsenite, and warming the product 
whereby nitrogen is evolved and the salt of the arsinic acid 
formed. 

E . NR, R . N,X 

E . N a X* + As(OM)., = E . N 2 AsO(OM) 2 + MX 
*E . N 2 AsO(OM), R . AsO(OM), H- n“. 

By a suitable choice of the radicle represented by E, practically 
any aromatic arsinic acid can be prepared. 

Another widely applicable method of attaching arsenic to the 
aromatic jiucleus is through the mercury compounds. 4 
, Mercuric chloride readily reacts with many aromatic com- 

, pounds, giving para-substituted mercury compounds : — 

* R< 3 + HgCljj = R<2>HgCl -f HC1. 

On treatment wikh arsenic trichloride, the mercury is replaced 
Jiy arsenic : — 11 

•, K<y_)irgCl + AsCl, = HgCL, + R<y^>AsCl,. 

The dichlorar$ : nes so obtained are easily Lonverted into arsinic 
acids by hydrolysis and oxidation. t * 

' \ Trivalent Arsenic Compounds (Derivatives of Arseno- 
b^nzene).— Tlr«e therapeutically valuable trivalent aromatic 

1 Lancet , 25 t June, 1915. 2 D. R. P., 294632. 

Ibid., 25b, 2 64„ f 4 Roeder and Blasi, Ber ., 4T (1914), 2748. 
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arsenic compounds are all of them obtained by reduction ^of 
the corresponding compounds containing pentavalent arsenic. 
Reducing agents convert arsanilic a£id 1 into para-amino- 

phenyl arsenious oxide, ^ >AsO, or into diaminodi- 

hydroxy-ursonobenzene, NH 2 <^ * )>As(OH) — As(OH)< ^ ) >NII%, 
or into para-diamino-arseno benzene, 

NH 2 <> = As< )NH 2 . 

The first is produced by weak reducing agents such as hydri- 
odic acid, or sulphurous acid, the second by sodium amalgam 
and methy alcohol, and the third by stronger reducing agents, 
such as sodium hydrosulphite, etc. * 

Still stronger reducing agents, such as zinc and hydrochloric 
acid, reduce it to para-aminophenyl arsine, NH t ,< ^ ^ >AsH 2 . 

As~- As 

Arsenophenol, Q j^j, is obtained by the reduction of 

Oil on 

para-hydroxyphenyl arsinic acid with a solution of sodium hydro- 
sulphite, caustic soda, and magnesium chloride. 2 The sodium* 
derivative of this substance is soluble in water, from solutions in 
which it is precipitated by alcohol. Phenylglycin^ arsinic a^id 
when reduced in this way gives arseno-phenylglyciue — 


As— As 



ITOOC . CIL— Nil Nil . cn 2 . COOI1 

a reddish-brown powder, soluble in aqueous sodium carbonate. 3 

Very favourable results are said to have b^n obtained with 
this substance in the treatment of t'?ypanosom?asis in Vats, butj 
it is not so well tolerated by larger animals, such as the horse.* 
or the donkey. 1 Favourable results are also said to have 
attended its use in syphilis, and it is claimed tlnlt in all cast ' 
ifr is free from tbe danger of harmful eiTects on the eyes. 

In recent years another derivative of arsenobeqzene intrd 

J » j 

• 1 M. L. fi/English Patent, 17,G19 of 1907 ; T). K. P., 200,057. 

' 3 Ibicbf* 200,450. ^ Ibid. , 200,057 . 

4 BreinI aiil Niereustein, Zeilschr. f. ImmunitMsforsch (rjo9), 109. 
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dyced by Ehrlich has been widely and successfully used in the 
treatment of syphilis. 

This preparation is dihydroxy-diamino-arsenobenzene — 


A sr As 


TfjjN 1 


'NHo 

OH OH 


better known as “606 ” or Salvarsan. It is prepared Jrom 
p>-hydroxy-phenyl arsinic acid, HO<^ _^AsO(OII). 2 , which on 
treatment with nitric *and sulphuric acids yields a mono-nitro 
compound, the nitro group entering into the ortho position to 
the hydroxyl and meta to the arsinic group. This compound, 
on reduction with cattstic soda, sodium hydrosulphite, and 
magnesium chloride, gives dihydroxy-diamino-arsenohenzene — 1 


HO< >AsO(OII), ~> 


NO., 

nO<~ >AsO(OIT), 

As As 

From two 

molecules of 
nitro compound. 



110 HO 


An alternative method of preparing 3-nitro-4-hydroxyphenyl 
arsinic acid starts from p-dimethylaminophenyl arsinic acid, 
prepared a* described on p. 207. This on nitration gives 3-nitro- 
4-dimethylaminophenyl arsinic acid, which on treatment with 
alkali giv&> 3-nitro-4-hydroxyphenyl arsinic acid.~ 


AsO ,11, 


AsO,H, 

Ino, 


As0 3 H, 

Ino., 


. N(CT 3 ), / ,N(CJ1 3 ) 2 oh 

In addition to the method already given, this can he ‘reduced to 
l dihydroxy'diamino-arsenobenzene by treating it with zinc and 
acetic acid at*'2b o -30°, and then with hydrochloric acid and 
sulphurous acid at 50°-C)0°. The addition of th^sulphurous acid 
'appears to prevent the reduction from goipg beyond the “ arseno ” 


st-ige. :{ 


\ 

1 I\!f P., 224,953. 22,521 11914,. 

‘ Ubul.y 21,421 (1914). 
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• • 

Dihydroxy*-diamino-arsenobenzene is obtainable as the hydro- 
chloride under the trade names of Salvarsan, Kharsivan , and 
Arsenobenzol , but before use it is generally 1 transformed into the 
sodium salt by adding the corregt amount of caustic soda solution 
to its aqueous solution. Great pare has to be taken in making up 
these solutions, which do not keep well, so that they have tolbe 
prepared immediately before use. They are administered either 
by intravenous or intramuscular injection. 

Splendid results have been obtained with this compound, 
especially when used in conjunction with mercury, though 
some of the more extravagant claim%, as for example, that 
syphilis could be cured by a single injection, have^iot been 
substantiated. 

Although its toxicity is low, it is by no means negligible, 
and fatal results have sometimes attended its use, but in the 
majority of cases these can be attributed to faulty technique or 
to its use in cases where the condition of the patientewas already 
very bad. Its action on spirochaetes in vitro is veijr weak, 
and it was therefore presumed that it underwent some change 4 
in the organism with the formation of uiAe active products* 
According to a recent investigation,- these 0 changes # are vefy 
complex, a large number of different compounds being formed. 

To overcome the drawbacks due to the laborious techiMque 
of administering Salvarsan, a derivative soluble jp water was 
soon afterwards introduced. This substance is known Neo- 
salvarsan , Ncokharsivan , Novarscnobenzol, etc., ajjd has the 
structure represented by the formula : — 

As^As 

h,,nQ Qnii— CH,— SO., jty 

It is prepared * Dy adding an aqueous solution of foi^maidenyujj 
sulphoxylate to an aqueous solution of Salvarsai^. A precipitate 
is formed which redissolves in sodium carbonate solution to 
form a clear yellow solution of Neosalvarsan. 

1 The hvi/ochloride itself, in aqueous solutions or offy suspensions, 1 ■has 
also hoQjJfci^A for injection. 

2 Sw!mirg, Zeit. pluysitf. Chem ., 97 (1916), 5? in S. 

sn r i mTSii. 
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«Not only does Neosalvarsan possess the advantage of ready 
solubility in water and in saline solutions, giving neutral solu- 
tions, but it is also said'co be better tolerated by patients than is 
Salvarsan itself. It is administered by intravenous or intra- 
muscular injection, and its therapeutic properties are similar to 
tnose of Salvarsan. 

Another derivative of Salvarsan which has recently attracted 
a good deal of favourable attention is Oalyl , a substance having 
the composition shown by the formula : — # 

As- • As 

Qn II 0 NH 

oh \n/ on 

* V 

I 

OH 

It is prepared as follows : 3-nitro-4-hydroxyphenyl arsinie acid 
is electroly tical ly reduced to 3-amino-4-hydroxyphenyl arsinie 
acid. 1 'This is then treated with phosphorus oxychloride in 
* presence of causti<f soda solution, and the product reduced with 
•odium hydrosul^)hite. L> 

AsO.J 

Ck 

OH 

/2 Mols+ 1 POCl 3 


AsO a lI 2 




As0 3 II. 2 


AsO a H 2 


;nii NH 


OH 
PO(OU) # 


As- 


As 


nh hfni, 

OH \/ OH 

ro(oii) 


t is used*in the form of its sodium salt which is readily soluble 

1 water, yielc^ng solutions suitable for intravenous injection. 

ts solution in a dilute solution of glucose is also used* for intra- 

•• ® 

oscular injection. 

jConsiderable^attention has been paid Recently to t the metallic 
ompounds of Salvarsan. These are of the “ addia^e ” type, • 

1 E* l‘.,\087 (1'JlM. * ifid., 9231 
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and ate formed by virtue of the residual affinity of the “arsenq,” 

— As = As — group. 1 A compound of one molecule of Salvarsan 
with one molecule of cupric chloride is* said to be remarkably 
effective against sleeping sicknesg. The preparation is described 
of copper and of silver compounds, by mixing a solution of 
Salvarsan with a copper or a silver salt, and precipitating tfie 
mixture with a solution of caustic soda.- 

“ Sodium Salvarsan ” is prepared by precipitating a solution ^ 
of Salvarsan in caustic soda with alcohol, in the presence of a 
substance capable of stabilizing flie product. 3 It is said to be 
useful in the treatment of syphilis. 4 • # 

Various other metallic derivatives and their methods of 
preparation have since, been described. ' One of these is known 
as “ Tmartfol” and is a compound of Salvarsan with silver 
bromide and antimony. It appears to have the composition G 
(C^H^O-jNgAs.,).,, AgBr, SbOfILSOj).,, and is said to he stable 
and to bo less toxic and more effective therapeutically than the 
parent substance. 7 , 

In addition to the derivatives of Salvarsan, various more * 
complex derivatives of arsenobenzene have heft 11 prepared and in** 
vestigated. For example, 3-4-5-3'-‘t'-5'-hexamino-arscnpbenzerft 
is said to be a powerful spirillocide. s 

Resorcinol readily reacts with arsenic acid giving 2-^-di- 
hydroxyphenyl arsinic acid, from which a series of derivatives of 
arsenobenzene have been obtained by reduction. ,J * 

From rt-aminoanthraquinone, the corresponding ^rsinic acid 
has been prepared by Bart’s reaction (p. 208). This on redac- 
tion with sodium hydrosul])hite gives 1- r-arsenoanthranol : - * 



-As 011(011)* 



011 ( 011 ) • 


which is readily oxidised by air to ant<hraquinone-J.-arsenoxide : — 


’ Elfrlicli $nd Karrcr, Ber. y 48 (1915), 1634. 

: E. I\, 1247 (1914). Ibid., 15,931 (1912), 24,152 (1914). 

Milnchener med. ty. (1915), 177. 

Danrfz, E. P., 101,496; 104,497 (1916). 

IMys z, C. B., 159 (1914), 452. 

& R., 161 (19151 685, 162 (1916), 4 10. # 

D. 1\ , 246,85 " 286,855. » Bau^r, Rcr.jjt 8 (ml 5), 509. 
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CO AsO 

/\/ \/\ 

I* I I I 



Tl?ese compounds are toxic, and they are easily decomposed 
into anthraquinone and arsenic acid. 1 

A very largo number of other derivatives of phenylarsinic 
. acid and of arsenobenzeno have been described, the ab<?ve- 
mentioned having been given qs typical examples. 

< In addition to tho symmetrical derivatives of arsenobenzeno, 
R — As ~ As — R, already mentioned, mixed or unsymmotrical 
derivatives of tbo type R — As = As — R' can be obtained by the 
reduction of an cquimole^.ular mixture of arsinic acids, BAsO a H 2 
and R # As 0 3 II 2 .- Another method of obtaining unsymmetrical 
arsenobenzenes is as follows: The arsinic acid is first reduced 
to the corresponding arsine by means of metal and mineral acid, 8 
*■ R . As 0 3 H 2 -> R . AsH.„ 

^ and this^can then be condensed with aryl arsenoxides or halides. 

• R . AsII 2 -f OAsR' - R . As - As . R' + U,0. 4 

Ti'iis method is also applicable to the production of mixed arseno- 
stibino, and arseno-bismutho compounds 5 (cj. p. 215) : — 

4 R . AsK 2 + R'SbCl, = R . As = Sb . R' + 2HC1. 

As can b« seen from the preparation of Salvarsan, the use 
of sodium hydrosulphite is not applicable to tho formation of 
arseno compounds containing a nitro group as this is also re- 
duced by the hydrosulphite. It has been found, however, that 
hypophosphorus acid is a specific agent for reducing the arsinic 
acid group to the arseno group, and by this me&ns arsinic acids 
containing nitro group or an azo group can be reduced to the 
corresponding arseno compounds.’' 

* Organic Antimony Compounds. — The trypanocidal action 
of antimony, compared with that of arsenitj. has been discussed 
in the first section of this chapter. Unfortunately, tho aromatic 
antimony compounds compare unfavourably \vith those of* 

1 Benda,* Ju^rn. prakt. Chem ., 95 (l r J17), fa. ♦ 

2 D. it. P., 251,101, 270,254. 3 Ibid., 25fcjg5l. 

4 Ibid., 251,511. ^ 

*Ibid.,*2U'87 4 269*7)0, 269,743, 269,744, &0.745. 

<5 Kn.rror Ti\ d7 2275: V). R. P.. 271.271. 
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* 1 f 

brsenic with regard both to ease of preparation #and sua, unity. 
?or example, p-aminophenyl-stibinic acid, the antimony analogue 
>f arsanilic acid, cannot be obtained by»the interaction of anti- 
nony pentoxide and aniline, and the statement 1 2 * that it has been 
)btained from aniline and antiflhiony trichloride by a method 
bnalogods to Michaelis’s synthesis of ^-dimethylaminophenyl 
n'sinic acid (p. 207) is quite incorrect. 

Aryl-stibinic acids can, however, be obtained by the action of 
lodlVim antimonite on diazo solutions’" in a way somewhat 
bnalogous to Bart’s reaction (p. 2(18), andyj-aminophenylstibinic 
Lcid has been prepared by this method^ but the preparation ih* 
lillicult and the yields are low. The compound moreover is 
tniorphous and difficult to purify. Aryl-stibinic acids can also 
>e obtained by the action of alkali :{ on compounds obtained frqjn 
bntimony trichloride and diazo compounds. 4 * * 

Aryl-stibinic acids can be nitrated in the usual way/' and 
?-chlorophenyl-stibinic acid on nitration gives 3-nitro-4-chloro- 
)henyl-stibinic acid, which, on boiling with alkali, gives 3-nitro- 
L-hydroxyphenyl-stibinic acid. This, on reduction with*sodium 
lydrosulphite, gives d-d'-diamino-d-i'-dihydr^xy-stibinobenzene, 
he antimony analogue of Salvarsan.'* * 

A large number of other aromatic antimony compounds, and 
nixed arseno-stibino compounds have been prepared 7 (cf. p. 214). 

None of the compounds which have been tried up to the 
iresent fulfil all the conditions necessary for a really efficient 
rypanocide. These conditions may he summed up as follows : — 8 

(1) The compound must be non-irritant, and capable of re- 
naming in perfect solution at the temperature and alkalin^y of 

he tissues. _ * 

• • 

(2) It must act quickly on the trypanosomes before they can 

squire a tolerance to the drug. # 

(3) When the trypanosomes have been expelled from the 
)lood by a single full therapeutic dose, there must 15b no recuj* 
cnee in the majority of cases within some fixed ^irne, which will 

1 Breinl and Hio.ronstoin, Annals of Tropical Medicine, 2 (10011). 

2 D. It. P., 254,421. •" Ibid., 261,825. 

4 P. May, J. G. S., 101*(1012), 1037. r * Ibid., 103 A 

e D. R. W, 268,451. * 

i IbuL** 59,875, 260,205,267,083, 254,187,260,600, 260,743,260,74*. < 

8 rfomspn and Guslijp, Proc. Boy. Soc., 82 J3 (1910)^ 2^ 
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depend to some extent on the particular host experimented with, 
and' on the strain of parasites used. 

Although the arsenic compounds which have been described 
do not fulfil the second and third of these conditions, yet the 
majority of them fulfil the firstf of these quite admirably, but in 
the case of antimony difficulty has been experienced in 'obtaining 
derivatives to fulfil even this condition. 

Of the various compounds which have been tried therapeuti- 
cally, those of a similar nature to ordinary tartar emetic (potassium 
antimony] -tartrate) are amongst those giving the best results. 
•Thomson and Cushny, 1 have experimented with many com- 
pounds 9I' this type derived from various hydroxy acids, and the 
best results were obtained with compounds prepared from tar- 
taric and malic acids : — * 

HO — CH — COOII IIO— on— coon 

I I 

HO— CII— COOH CIL— COOH 

Tartaric Acid. Malic Acid. 

The n odium and potassium antimonyl-tartrates seemed to be 
very nearly equal jn their efficiency, but the ethyl ester of anti- 
tuonyl-tartaric acid appeared to have some advantage over these 
alkali salts. Potassium ammonium antimonyl-tartrate is known 
as Antiluetin. 

Good results are also claimed for certain antimony derivatives 
of thi^glycoHic acid." 

The injection of finely divided metallic antimony has also 
been advo&ited as the most satisfactory treatment of trypano- 
somjasis. :J 

< 

1 Thomson #..nd Cushny, Pmc. Hoy. Soc., 82 B (1010), sMO. 

2 ltowntrco and Able, The Journal of Pharmacology (Baltimore), 2» (1010), 

a PI iip method Frj, Pmc. Roxf. Soc., 81 B (1000), 334. Plimmor, Fry, 
and Kankou,, Proc. Roy. Soc., 83 B (1010), 140. ' 



CHAPTER XV. 

PUISNE DERI V ATI VES (DLUUETfCS) AND OTHER URIC ACT 

ELLMINANTS. 

✓ 

Caffeine, the best-known drug of flu; jjprinc group, is us*h! a 
a cardiac tonic and cerebral excitant, but in addition* it has 
diuretic action, as also have other members of the purine grouj 
Caffeine sodium cinnamate is known \\m He, tot. 


C1I 3 — N— CO HN - CO 


1 1 /CII 3 

CO C—N< 

1 

CO ( 

1 /CII a 

J-N( 


1 il iCH 

1 

i >cir 


CII 3 — N — 0 — 

CII, — N — ( 

1!— 


Caffoiuo. 

Theobromine. 


CII 3 — N— CO 

1 1 

ii 

CII* N-CO 
'.1 1 . 

/CII. 

/ 

CO C- 

-N 

CO C— 

■N 

1 1 

\cH 

1 • 1 

V'n 

CII.j — N — C— 

-N 

Jf — N— •C— 

N. 

Theophylline. 

Paraxan thine. 


Although the action of theobromine on the nervouff system i: 
far weaker than that of caffeine, its diuretic action is as strgrig 
* Both substances suffer from the disadvantage of spring solu 
bility and smalf power of resorption. To overcome the draw 
back of slight solubility, double salts of the^odium^lgrivatives 
of caffeine and theobromine, with sodium salicylate, benzoate 
and acetate, have been prepared. Compounds of sosfium theO 
bromine with sodiitfn salicylate and acetate ^iro known as 
Diuretin ^nd Atjurin respectively. The acyl-amino derivatives 
of caffeine are said to have a strong diuretic action without th( 
by-effects of caffeine* Monoacetyl-amino-cajjeifie, diacetyl 
> amino-c^iffne, etc., have been prepared 1 


1 D. R. P., 139, 96Q 
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According ^to the investigations of Ach, 1 ^he dimethyl- 
xanthines have a stronger diuretic action than trimethyl- 
xanthine (caffeine). Of these, theobromine ( 3-7 dimethyl) 
has the weakest, and theophylline ( 1-3 dimethyl) the strongest 
action, but that of paraxanthine (1-7 dimethyl) is the most 
persistent. Theophylline , w r hich differs from caffeine ifi having 
less action on the heart, has been introduced into therapeutics 
under the name of Theocine , in the form of its compound with 
sodium acetate. Its practical application is due to a synthetic 
process, as the natural alkaloid is far too expensive. 
g Theophylline has been synthesized by Fischer and by 
Traube,u the technical preparation being based on the latter 
method. 1 * 

The synthesis of theophylline was carried out by Traubo 
according to the following method. Dimethyl urea was first 
condensed with cyanacetic acid by means of POCl 3 , and the 
resulting compound (II.) converted into the cyclic base (HI.) 


CH.£— N(H 

HO) -CO 

Cl I, — N— 
1 

1 

| FOCI, 

CO 

*r CiL 

1 

CO 

1 

CII3-.NH 

1 

CN 

| 

CII3— NH 
II. 


-CO 


Jn 


CII 3 -— N— CO 


CO Cl L 

I I 

CH 3 — N — C NH 
III. 


by the action of alkali. This base, when treated with sodium 
nitrite a^d-. aceti^ v acid, yields the isonitroso compound (IV.) 

CHj—N— CO 


OH..— N— CO 

V . 


CO C N— OH 

I I 

CH — N— C NH 

* ' IV. . 


— 1 Ach, A. e. 1\ P., 44 (1D00), 319. 


CO C-t-NHo 

I !l 

CII 3 — N— C— Nil* 

V% 

2 W. Traube, Per. 


, 33 %^)), 3053 . 
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CH 3 — N — (20 

> CO (i — NH— CHO 

■ I « 

CH 3 — N— C— NH, 

*• VI. 


» 

CH., — N — Ow 

I I 

> # CO C— NH 

i i > ch 

* CH 3 — N — C — N 

VII. 


which is reduced to the corresponding amine (V.) by means of 
anmgonium sulphide. This amine is then converted, by formic 
acid, into its formyl derivative f//L), which loses ILO and 
yields theophylline (VII.) when heated with alkali. ^ 

8- Amino-theophylline is obtained by tflie action ammonia on 

CII 3 — N— CO (Tl.j — N— CO 


CO C— Nil 

I 


CO C Nil 


1 >C-C1 

j 

G— N 

on,— n — c 




C — Nil, 


8-chloro-theophyllino, 1 and has strong diuretic action. 8-^k.mino- 
paraxanthine and its alkyl derivatives have been obtained in 
a similar manner.- * 0 

3-Monomethyl-xanthine has an appreciably diuretiy actioff, 
but in 7-monomethyl-xanthine it is vanishingly small. The 
diuretic action of xanthine itself is extremely smnrtl, and thfft of 
z’so-caffeino (1-7-9 trimethyl-xanthine) is also very vjpak. 

Uric Acid Solvents, etc.-- In addition to the diuretic^, the 
various compounds that have been advocated as r^^nedies for 
gout may be divided into two classes — those which are designed 
to diminish the formation of uric acid in the body, and those# 
which are interfiled to act as solvents for the uric atid after it 
has been formed. Of the latter class it maj^be said that many 
substances have been obtained, sutfh as pipofazine*afld u-rotro- 
pine, which aro capable of dissolving uric acid in vifco, but ary 
probably quite incapable of dissolving it in the highest possible 
concentrations that can bo present in the b8dy. Naturally 
•many compoifiids have been prepared which are intended to 
combine both function^?. # 

For example, quinic acid, C ( dI 7 (OII) 4 . GOOM, which exists 


( 1 D. R. P., *6,900. \Tbid., 15^,90*. 
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iq.cinchona hark and coffee beans, is said to diminish the forma- 
tion of uric acid , 1 and its lithium and piperazine salts have 
been introduced under uhe names of Urosin and Sidonal respec- 
tively. In these cases the lithium or piperazine is intended to 
act as a uric acid solvent. 

It has also been noticed that the presence of organic acids in 
the organism generally decreases the amount of uric acid formed, 
and that this effect is greater in proportion to the number of 
carbon atoms present in the acid. For this reason the use of 
diphenyl tartrate has been suggested, ( — CH(OII) — COOC^Hj^, 
and salicylic acid has also been used, especially in the form 
ot a condensation product of saligenin and tannic acid. A 
salicylate, of urea has been recommended under the name of 
LrsaL Other compounds used for this purpose are hippuric 
acid, methylenc-hippuric acid — 

/CJI, 00 

C (i IL r -CO-N< “ | 

XllL, — 0 

and its meta-nitro compound . 2 

Drugs of the second class, namely those the function of 
which is to prevent the deposition of uric acid rather than to 
prevent its formation , are more numerous. The alkaline car- 
bonates have neen widely used for this purpose, and especially 
lithium carbonate, as it has been found that the lithium salt 
is by far the most soluble of all the inorganic salts of uric acid. 
The alkaline tartrates, citrates, etc., are also used as well as 
the carbonates. The bad effects of lithium on the nervous 
system have led to the introduction of various organic bases 
which form even more soluble salts with uric acid. 

The employment of lithium and these bases as uric acid 
solvents i^ fallacious, because there is always sufficient sodium 
h resent in the body to form the sparingly soluble sodium urato, 
and a double decomposition between salts .takes placo with the 
formation of the least soluble. If we designate sodium urato 
for the sake of simplicity as NaU, then an equation such as 
TdlJ + NaCU^t NaU + DiCl, will run Lorn left to right under 
the conditions present in the organism. Nevertheless, some 

1 Weiss, \le 7 . klin. W.. 14 (1899). 


'D. R. P., 148,669. 
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considerable benefit is often derived from these' remedies, al- 
though it may not be due to their solvent action on the uric 
acid. \ 

Of the various organic bases that have been used as substi- 
tutes for lithium, piperazine is' the most important. It was 
obtained** by Hofmann by the iiction of ammonia on ethyleiie 
dichloride or dibromide. 1 


#/ H + Br — CII., — CII., — Br H. 

IIN( ‘ " + )N— H 

Ml + Br— CH 2 — CH 2 — Br * IV 

,011.,— CH, 


- IIN< )NII + 4IIBr. 

X CH.,— CH./ * 


It is most readily purified by treating the reaction mixture wifh 
nitrous acid, whereby nitroso-piperazine — 

/OIL,- GIL v 

ON— N< “ >N— NO, 

\ CII,— CII/ 

is obtained, from which piperazine can be regenerated* by the 
action of hydrochloric acid or reducing agents.' 2 

Many different modifications of this synthesis have been 
devised, 3 but only one of them calls for mention. By the action 
of aniline on ethylene dibromide, diethylenediphpnyldiamiue is 
obtained, 4 5 which yields a nitroso compound on treatment with 
nitrous acid. It has been shown ft that this on treatment* with 
alkalies yields piperazine and nitroso-phenol. 

Aniline with ethylene dibromide gives — 


/CII,— OIL,, 

cyi,-N< • Mn-c.ii, 
x CII,,— CT l/ 

C 

just as afnmonia gives piperazine. 

This with nitrous acid yields — 

1 Hofmann, Proc. Boy. Soc ., 10 (I860), 231 ; Per ., 23 fl890), 3207. 

•■‘D. K.*P., 52*222. 

3 i5id., 00,517, 63,618, 6G,4G1, G5,347, 70,055, 71,576, 83,524, 70,056, 
73,125, 67,811, 73,354, 74, #28, 98,031, 100,232. See Friedlifcider, Fort&ihr.\ 
III. 948, IV*L201. * 

4 Hofmann, Proc . Boy. Soc ., 9 (1858), 277. 

5 J#*dChler, Dev., 24 (^91), 717 ; and D. K.^., 60,547, tfc. 
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/CHj—CEL 

uiN~u t} M 4 — N( )N— C t4 II 4 — NO 

, \CH a — CIl/ 

jNaOH 

,CII.,~CIL 

CN-Cyi -OH+ 1IN( ■' ' X NH + HO— C 8 H 4 — NO 

x on, on/ 

Piperazine is also known under the name of Dispermin, and 
its salt with quinic acid (p. 220) is used under the nambs of 
(Jrol and Sidonal. *<- 

* * , OIL — CII— CH 3 

The tartrate of dimethyl-piperazine, NH(^ ^)NII , 

OIL— CII— CII, 

is known as Lyselol, and has the advantage of being non-poison- 
ous and non -hygroscopic. Dihydroxy-piperazine has also been 
investigated, and it resembles piperazine in its properties of a 
uric acid solvent. It is obtained by polymerizing aminoacetal- 
dehydc with cold hydrobromic acid. 1 

mi 

/ \ 

11,0 CH— OH 

2NII, . CH, . CIlO = “|( 

HO— IIC CH, 

\ / 

* Nil 

CH,— 

An ethylene-ethenyl-diamine, | ^}G — CH a , has been pre- 

4 CH,— NH 

i “ 

pared 2 by neating ethylene diamine hydrochloride with sodium 
acetate and introduced under the name of Lysidin. It is said 
to bo eigiit times- as strong as piperazine in its solvent action 
pp uric apid in vitro.' 6 Similar propenyl and butenyl deriva- 
tives have been prepared. 4 

Urotropin (nexamethylene-tetramine), cf. Chapter XI., has 
been recommended as a uric acid solvent, its salts with quinic 

T 

1 Etcher, Her., 27 (1894), 169. 0 

' 2 Laden burg, Her., 27 (1894), 2952; D. R. P., 78,0^0, 

8 Deut. med. W., 1 (1894). 

4 Klfagvnstein, her. , 28 (1895), 1173, ft)G8. 
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acid being known as Qiiino tropin, and its salicyl derivatives 
as Saliformin. Ilelmitol , or New-uro tropin, is the anhydro- 
methylene-citrate of hexamethylene-tetramine. The acid, 


.OH.,— COOH 
n/ 


acid with paraformaldehyde, or in better yield by the action of 
chlqr-methyl alcohol, Cl . CH, — Oil, on citric acid at 130 u - 
140° C. 1 " f 


The sodium salt of the acid has also been used by itself as a 
uric acid solvent, under the name of CiUlrin. 

According to Tunnicliffe and Kosenheim, the solubility of 
uricjacid in blood serum is raised by the presence of piperidine, 
and they suggested the use of piperidine tartrate.- * 


A substance of unknown composition which is used a good 
deal as a uric acid solvent is thyminic acid, a complex substance 
prepared by a lengthy process from the thymus gHnd. 3 It is 
also known by the trade name of SoLurol. On boiling with 
aqueous sulphuric acid, it breaks down into Thymin, 

n 


.NH — CO x 
co( 


which shows that it is chemically related to piperazine, lysidine, 
etc. * 

Various other cyclic bases of this type, such as, 


CH 3 — N 


CH(CH,)-Nr OH, 

( )CH . CII 3 , 

\CH(CH,)-N -OH, 


also have a strong solvent action on uric aci^. 4 , 

Certain quinoline derivatives have been found useful in thtf 
treatment of gout, sciatica, etc., as they have analgesic pro- 
perties in addition being uric acid eliminai^ts and urinary 
antiseptics. The simplest of these is Atophan, or 2-phenyl- 
quinoline-4 carboxylic acid, 

• • 

1 P., 129,255, 150,949. *’ Lancet (♦889), 189. 

,*D. K. P., 104,908. 

4 Unpublished ^jservations of tho au^ior. 
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GOOH 





I/s ethyl ester is known as Acitrrin, and the methyl derivative of 
this, 


COOC 2 II 6 



N 


is known as Novatophan. 



CHAPTER XVI. 


PURGATIVES AND OTHER SUBSTANCES ACTING ON THE 
GASTROINTESTINAL TRACT. 


Anthraquinone Derivatives.—Many aperient drugs, such as 
cascara, rheum (rhubarb), senna, and* aloe, contain hyflroxyl 
derivatives of methyl-anthraquinone. The positioi# of the 
methyl group in these, substances is not quite certain, but it is 
probable that most of them are derivatives of u-mcthyl-anthifa- 
quinoue, 


ch 3/ co n 


\co/ 


These substances are very valuable as purgatives, owing tn * 
the fact that they have but little effect on the stomach and do 
not cause inflammation of the intestine. On the other hand, 
some of the drug is absorbed from the intestine iqto the sys4em, 
and is liable to have an undesirable action on ^he kidneys. 
This effect is usually very slight, however. 

Ckrysophanic acid , dihydroxy-methyl-anthrann i nn^p. — 1 


CH V C0 X OH 


\oo/ 


OH 


is one ot' # the milder of the natural purgatives oi tms ^roup, ajid 
is present in rhubarb and many other purgative dru^s, usuaUjr 
as a glucoside, chryjophan. The number and position of the 
hydroxyl groups has a powerful influence on tho physiological 
"action of the ^substance. For example, emodin, trihydroxy- 
methyl-anthraquiuone^C 15 H 10 O & , probably having *the constttu^ 
tion — - 


1 Jowett a#d Potter, J. C. <S\, 8JJ (1903), 
J Hesae, Annalen, 309 (1899), ^2. 
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'CII, /C0\ OH 

h°iJ\ /0 

^Xco/ on 



has a considerably more powerful action than chrysophanic 
abid. This substance is obtained together with rhamnose by 
the decomposition of the pentosideyVuw/tt/m, obtained from the 
bark of Jihanuuia framjula, and from other similar sources. 

C 21 I L (( 0, + 2 11,0 - (CHv . C 6 1I U 0 5 + 11,0) + C lfl H 10 O & . 

Ilham nose. Emodiu. 


The active principle's present in different varieties of aloes are 
known as aloi‘n, ( 1 17 TT| S () 7 + 4-11,0 , and barbaloin, C i0 II, 8 O 7 . 
The structure of these compounds is not known with certainty, 
but they are undoubtedly derivatives of polyhydroxy-antlira- 
quinones. 

The purgative action of the synthetic hydroxy-anthraquinones 
has been investigated by Vieth, and his results indicate that the 
nurnbe * and position of the hydroxyl groups is of importance, 
but that the presence of the methyl group seems to have little 
influence on the physiological action. He found that the most 
active was antin' iptirpuriii, 1-2-7 trihydroxy-anthraquinone — 


/(XX 1 
\/\9 


XXX' 


Suhshimv. i Hlrt'uglh of Action. 


| Anthrapurpurin, 1-2-7 trill ydroxy-anthraquiiioue .1 1 

| Flavopurpnrin, 1 -2-0 „ . j 1 

I Anthrago'loi, . i-2-3 , ,, . j 

r Purpuroxquthin, 1-3 di hydroxy- ,, .j ' 

j Alizarine- ( Pordeaux, 1-2-3- 1 tetrahydroxy- ,, . : 

.j Purpurin, 1-2-4 tri hydroxy- ,, ,| J|. 

A number of compounds, such as alizarin ( 1-2 Jihydroxy- 
anthraquinone), ruligallic acid (hexa-hydroxyanthraquinone), 
etc., are inactive. Some of the active compounds contain a 
methyl group, and others do not. 

An important factor «m determining the purgative action is the 
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length of tijne that the substance remains in the intestine, for 
when it is absorbed it can no longer exert a purgative action. 1 * 
The superiority of the glucosides anil acetyl derivatives over 
the parent substances, and of the natural drugs over the syn-t 
thetic, is due to the slower absorption of the former. Ghryso- 
phanic acid when quite pure i3 no longer a purgative, owii% to 
its rapid absorption.- Rapid absorption also increases the risk 
of undesirable effects on the kidneys, and therefore it is to be 
avoided on this account also. For these reasons, synthetic 
substances such as anthrapuiqftirin are inferior to the natural 
compounds, hut synthetic substances yf a more complex nature 
which are slowly absorbed have also been obtained. • 

Anthrapurpurin diacetate has been tried as a mild laxative 
under the names Punjatin and Panjhlol , but it is a kidneyarri- 
tant. The acetyl derivatives of the tetra-alkyl ethers of rutigallic 
acid have been recommended as purgatives. :{ Exodin is said to 
be the tetramethyl ether of the diacetyl compound, but accord- 
ing to Zernik 4 it is a mixture of several substances, of which 
the hexamethyl ether is the one to which the purgativS action i* 
due, the diacetyl tetramethyl ether being jnert. Exodin is * 
mild purgative. 

Many derivatives of aloin have been prepared wfiich are in- 
tended to be free from the bitter taste of the parent substance 
whilst retaining its purgative action ; these, being only slowly 
decomposed in the intestine, should be more active, z'* deriva- 
tive of aloin and formaldehyde has been prepared pi which the 
methylene group enters into two hydroxyl groups-- 5 

/°\ 

C r H 1 ( .O^OH)o + OCH 2 - C 17 H 1 ( A< + IlflO. 

\q / 

ts action resembles that of alotn itself. bS. M*ey^r has pre- 
pared tribromaloin, C 17 H 15 0 7 13r 3 , which has a milder action i^jan 
Join, and triacet^l aloin, G 17 H irj 0 7 (C0 . CH 3 ) 3 , which is«as 
powerful as the parent substance in its actfon, and has the 
nlvantage ofr being tasteless and keeping well. An oxidation 

1 This statement of ?ourso only applies to subst^ices such as^hose, 

vhich act locally. It does not apply to apomorphino, etc. 

a Dixon, “ Manual of Pharmacology." 3 D. R. P., 151,724. 

4 Zernik, Apoth, Zeit 19, 598. R D. *. ft, 80,449. 

15 * 
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product obtained by the action of persulphate on aloin 1 has a 
weak purgative action, and is free from harmful by-effects. 

A glucoside having a purgative action has been obtained from 
' cascara sayrada, and named Peristal tin. 


HO-C 6 B 4 0 

Phenoiphthalein , 

HO-C 0 l( Xh 4 


although not an 


anthraquinone derivative, has a purgative action without harm- 
ful effects on the kidneys, and has attained wide use as a laxative 
under the names Pur yen and Lax-in. It sometimes causes grip- 
ing, and to overcome this drawback its acetyl-valeryl derivative 
has been introduced, under the name of Aperitol. 

'Drastic Purgatives. — Very little is known of the chemical 
nature of these substances, which act by reason of their generally 
irritant properties. In largo doses they give rise to bad effects, 
but in their*speeific doses they act more promptly than the 
, anthraqpinone derivatives, though they are apt to cause nausea 
Und vomiting. 

Croton oil contains a large number of substances, but its in- 
tense purgative aption is probably due to a resin, C 13 H 18 0 4 .‘ 2 
The action of jalap has also been attributed to a resin, which is, 
howbver, a mixture of several substances. 3 

The activr principle of podophyllin is podophylltoxin , 
C i& H 14 O tJ , a neutral substance, which when heated with alkali 
forms pode^hyllinic acid, C i;i H lc 0 7 . By loss of water this acid 
forms picropodophyllin, C 15 H 14 O f} , an isomeride of podophyllin, 
9,nd bn further treatment with alkali yields acetic acid and 


OH 

orcine, CIl a < ^ ^ >. , Picropodophyllin is probably 


the lactone 


o f * podophfj ilinic acid, these substances being regarded as de- 
rivatives of y-p)rone. 4 » 


1 D. R. P., 134,987. 

*' 2 Punstan and Boole, Proc. Roy . Soc., 58 (1895), 238. 

3 Power and fvogerson, Pharmaceutical Journal, 29 ( 1909). 7 ; Journ. of 
American Chem. Soc., 32 (1910), 80. 

^Dunatan and Henry, J. C. S., 73 (1898), 209. 
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CH 3 /~ \ CH CH— COOH 

0Cn » £H, CH— OH 


CO 

Podophyllinic acid. 


^ GIL CAL — CO 

0CII » CII, <3h — o 


CQ 

Picropodophyllin. 

These two substances are without definite purgative action.' 

Other Substances acting on the Gastro-Intestinal 
Tract. — Phenyl-dikydroquinazoline was accidentally found to 
possess a bitter taste, and to produce an early feeling oT hunge^* 

N 

/\/% 

CII 

I 

N-C 0 H 5 


and hence it has boen introduced as an aperitif, 1 2 under the « 
name of Or exin. Other substances of this typo have alsc been 
investigated, l^ut none of them are so satisfactory as this one. 
Dihydroquinazolines of the type — 

N r Quinaz§line is ' N • 1 

/\/\ /\/\ 


1 Mackenzie and Dixon, Edinburgh Med. Journ. (1898), 134. 

2 Aperitive denotes a substance used t^stimulat^tfce appetite. 
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are .formed by \he reduction of orthonitrobenzylform-anilides, 
-toluides, etc. — 1 


.NO, 

C b R 4 ( " /CHO 
X CII,~-N( 

x c r ii r> 

/>tbomtrobenzylform-anilidc. 



OH, 


N 


CII 


+ II, 0 


.N-C r ,H, 


CH., 

Orexin is also prepared by the action of formanilide on ortho- 
ami nobenzyl fdcohol — 2 

Nir, h . co 

+ * /N- 

II 


-CLH, 


CIIn-X-OII 


/ N \ 


CII 


+ 211,0 


/N — C,.1L 


CH, 


• . < . 

'Orexip is used in the form of the hydrochloride, owing to the 
bad tatte of the free base. The lannate is insoluble in water 

r 

(c/. quinine), «and therefore is quite tasteless. It is soluble in 
hydrochloric acid, and therefore dissolves in the gastric contents, 
and can, exerrtHhe impaired action. It is now largely used in- 
stead of the 'hydrochloride. 

fibto-bark has a specific effect on the walls of the intestine, 
dilating them arfi helping resorption, which renders it of use 
in diarrhoea. Its active constituent is cotom, C ) ./ : I l ,0 # 1 , a de- 
riratjye of benzophenone and phloroglucinol having the 
formula — t. 

Clip . C 6 H 2 (OH) 2 — CO — C 6 H 5 . 

/ € ' . * 

*D. R. P., 51,712./ 


3 Ibid., 113,163, 
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This substance has a sharp taste, and in UV xioome 

this disadvantage, various derivatives have been prepared, 
one of which, known as For tain, i* a methylene-dicotoin, 
CTLj(C l 4 H n O.,)o, formed by the action of formaldehyde on 
cotoin . 1 It is free from the •sharp taste of cotoin, and is 
said ta have a stronger action* having especially an enhanced 
bactericidal e IT e c t . 

Condensation products of cotoin with phenols have been 
prepared," which have the antiseptic action of the phenols’ 
combined with the beneficial effects of cotoin on the intestines. 

M). It. L\, ilbid., 104,00:1. 



CHAPTER XVIL 

VARIOUS OTHER COMPOUNDS OF INTEREST. ’ 


Glucosides. — Several glucosidcs which owe their physiological 
activity to their hydrolytic cleavage products have been mentioned 
in other parts of this volume> It will suffice to recall such 
cqm pounds as salicin and ehrysophan. Besides theso, there 
are numerous glucosidcs which have a powerful and character- 
istic physiological action of their own. The most important of 
theso are the active principles of digitalis and strophanthus, 
drugs having a powerful action in increasing the strength and 
diminishing the frequency of the heart-beat. Digitalis contains 
several active glucosidcs, but unfortunately very little is known 
of their chemfoal constitution beyond the fact that most of them 
a r e derivatives of substances allied to cholcsterin. The most 
important are digitalin and digitoxin ; the latter, on warming 
wi&: caustic soda, yields the physiologically inert digitoxic acid. 
The active constituent of strophanthus is a glucoside, sirophan- 
thin , C 40 H, ;f >O 10 , which on hydrolysis yields strophanthidin, 
C 27 H 38 0 7 , and a carbohydrate, C 13 H 2ll O 10 . Strophanthidin con- 
tains two lactohe groupings, a benzene nucleus, an unsaturated 
linkage, — CII OH — , and probably three hydroxyl groups. 
The carbohydrate, C 1;{ IL, 4 O 10 , is the methyl ether of a biose, 

/Various other important glucosides have been mentioned in 
the previous chapter. 

Many physiplogicaV.y active compounds are “glucosides” 
derived from ( pentoses instead of hexoses. Frangulin \cf. p. 
226} 0 is an erample of a pentose derivative, and more recently 
it has been shov^n that the poisonous havuolytic substance 
. present in the fungus Amanita phalloides is a pentoside. 

Within recent years a considerable number of glucosides have 
be^n detained synthetically, some of these being identical with 

1 Eeist, Bcr 33 (1900), 2061, 2069, 2091; Fraser, “Strophanthus,” 
Edinburgh (1887) j < \naud, C. 107 (1888), 181, V 12. 
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natural products. For example, E. Fischer 1 ha» obtained dl. 
mandelonitrile glucoside, identical with prulaurasin ; this has 
been resolved into its dextro and laevo» components, and the 
former found to be identical with sambunigrin , a glucoside 
occurring in the leaves of the eldlr. 

Unfortunately, however, the gldcosides of greatest importance 
medicinally have not yet been synthesized, and are mostly of 
unknown structure. For this reason, and owing to the fact that 
very few synthetic derivatives hav^ been prepared from them, 
the glueosides, in spite of their gre^t physiological and practical 
importance, lie rather beyond the scope <jf this book. • 4 

Camphor and the Terpenes. — The substances of the <^imphyr 
group show a general resemblance to one another in their 
physiological action. » 

cn, gii 3 


G ' . 

If,G | CO 
1 C1I 3 — 0 — GIL | 
H 8 C\ | ^'CIL 
"'C- 

II 

Camphor. 


n,c | nm— on 

1 CTI 3 — C — cjj I . 

1I..C . I Oil, 

& 

H 

Borrfcol. 


c 

H,C -Clio 

CH, CH 3 

\ / 

CH 

JLG\ I CH — Oil 

• “ ' 

II 

Menthol. 

All three have an antiseptic and slight local anaesthetic auoiun. 
Borneol , known also as Borneo camphor, has less local irritar^ 
action, and can be tolerated in larger doses ^han camphor. 
Menthol is notPmuch used intornally, but it finds employment 
as a mild local anaesthetic. Camphor is the most # importar4 of 
these substances, and, as is well known, is obtained from «tho 
camphor-laurel, growing in China, Japiyi, and the^East Indies, 

1 Fischer and Bergmann, Ber.pw (1917), 1047. 
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but within resent years it has also been prodiyced artificially 
from turpentine. 

It is a carminative And is used to check colds in the head, 
and for a very large variety of other medicinal purposes. It is 
injected as a stimulant in caseff of collapse. 

* It is necessary to distinguish 'between the so-called “ artificial ” 
or “synthetic camphor,” and true camphor produced artificially. 
The former is in reality not camphor at all, but is “ pinene 
hydrochloride,” obtained by ^he action of dry hydrogen chloride 
on turpentine. Turpentine Consists chiefly of pinene, and on 
{reatfnent with dry hydrochloric acid, the crystalline “pinene 
hydrochloride ” is formed. This substance, which resembles 
camphor in many of its properties, is bornyl chloride, an intra- 
molecular change taking place when hydrogen chloride acts on 
pinene. 
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• . *\ 

True camphor has been completely synthesized, nut the 
synthesis is an extremely lengthy and laborious one, and is 
impracticable as a commercial process. (Camphor can, however, 
be economically prepared from turpentine (pinene) by a simple 
series of reactions. Turpentine* on heating with anhydrous 
oxalic acid at 120°- 130° 0., yields camphor, borneol, and th<f 
oxalic and formic esters of borneol. 1 


CH* 

I 

o 


Clb; 

I 

0 


IiC CH > 1LC j Cfl . OJfl 

+ H ‘ 0H ! QH;r~C CH;; | 
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0 

1 \ 

! •' •, 

JLC ! « CO 

j CH;,- C — Cli. I 


'■c 

ii 

Ofbiplior. • 9 

The borneol esters ary hydrolyzed, and the resultant horned 
oxidized to camphor by means of dichromate and sulphuqp 
acid. 2 • " • 

• Various oth#r methods of oxidizing borneol to camphor have 
been devised, using permanganate,* nitric acid, 4 cjiromic a<jjd * 

• air, 6 or ozon? 7 as the oxidizing agent. 


1 D. Li. P., Itt4,553. - Ibul , 220,1^8 ; E. P., 2LIMfi (1907). 

»D. It. P., 157,590. • 4 Ibid., 2l7f>55. 158,717. 

*Ibid., 161,523, 166,722. ^ Ibid., 161,306. 
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Vale* idling rvuil Derivatives. — These are u$cd as norvous 
sedatives, and some of them, containing bromine and iodine, 
havo already been mentioned in Chapter XIII. 

The esters of borneol and menthol with isovalerianic acid, 
CH f 

# ;CH — CH, — COOH, are«known as Bornyval and Validol 

CH/ 

respectively. Gynoval is the iw-borneol ester of the same acid, 
and Valyl is the diethyl-amide (CH 3 ), . CH . Cl I 2 . CO . N(C a H fi ) a . 
It will bo seen that this also contains tho grouping — CO.N(C 2 H 5 ) 2 
which is present in many other hypnotic and sedative com- 
pounds. New Bornyvdl is bornyl isovalerylglycollate, 

(f)ll 3 ), . CH . CII 2 . CO . 0— CH 2 — CO . 0 . C 10 II 17 . 

Glycerophosphates.— One of the chief constituents of nervous 
tissue is lecithin, a complex ester of choline and distearylglycoro- 
phosphoric acid, tho composition of which is indicated by some 
such formula as — 

' ch,— 0 — co— c 17 n, r , 


CH— 0— CO— C 17 H ;j5 



In reality it is'somewhat more complex, for it contains also the 
corresponding derivatives of various other fatty acids such as 
palmitic, p l6 H 32 0 2 , and of unsaturated acids such as oleic, 
C 18 H 34 0 2 , aVd linoleic, C 18 H 32 0 2 , as well as that from stearic 
acid,. C 18 H 3(J 0 2 . On hydrolysis it yields a glycerophosphoric 
acid which js probably a mixture 1 of the a and ft acids — 

CH 2 — OH CH,— Oil 

dll— OH CII— 0— Pf-OII * 

f //> | * \0H 

CII 2 — 0 — P^-OH CIL— OH 

1 \0H 

a-acid. 0-acid. « 

* Ap lecithin^is said 2 to exert a favourable influence on growth 
indi metabolism, /glycerophosphoric acid and its saltt have been 

i 

1 0. Bailly, C. R., 160 (1915), 395. 

2 Da» il#vvski, C. R.,f 21 (1895), 1167 ; 123 (1896), 195. 
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introduced into therapeutics. It is, however, % improl\,ble that 
lecithin is built up in the body from glycerophosphoric acid, 
and it is doubtful whether glycerophosphates have any advan- 
tage over the inorganic hypophosphites. 

Glycerophosphoric acid is prepared by the action of phosphorus 
pentoxiae on glycerol, 1 or by heating phosphoric acid wit^i 
glycerol for six days.' 2 

A better result is obtained if the glycerol and syrupy phosphoric 
acicfare heated for twenty-four to tv^enty-eight hours at 100°-105° 
in a vacuum. 11 • 

Sodium glycerophosphate may be obtained 4 by heating two 
molecules of glycerol with one molecflle of monosodium or 
monoammonium phosphate in a vacuum, whereby a diglyceryl- 
monometallic phosphate is formed. „ 

c 3 H r> (OH) 3 iro 

+ \pO~ONa = 

C 3 H 5 (OII) 3 HO' 

C 3 H 5 (OH) 2 — (X 

>PO— ONa + 2H 2 0 
C 3 H 5 (0H) 2 -0/ 

This is then saponified by caustic soda solution, and disodium ^ 
glycerophosphate separates out on concentration. / 

The crystalline sodium salt thus obtained has been s’hown to 
be identical with that of the /i-glycerophosphoric acid obtained 
synthetically, 5 and this conclusion as to its constitution has 
been confirmed by an indirect method. 0 «, 

The sodium salt is very soluble in water, the calcium salt 
moderately soluble in cold water, but almost insomble in^hot. 
The ferric salt is soluble, and therefore can be used to combine 
the tonic propm’ties of iron and phosphorus. • * 

In the preparation of the crystalline sodium salt, there is 
y^ways |ome uncrystallizable mother liqifS* ricll i%i glycero- 
phosphate. This probably contains some of the radium sMiT 
of the a-acid. The salts of this acid have been obtained 
synthetically by the'action of trisodium phosphate on a-mono- 

1 Pelouzo, Journ. prakt. Client ., 36 (1H46), 267. 

u Portea, Prunier, Bul u [3] 13 (1896), 9G. % ^ 

3 E. P., 28C# (1912). Sle also E. P., 2881 (1912), and E. 1\, 19,319 (All) A 

4 French Patent, 373,112. 

6 King and Pyman, J. C. S., 105 (1914), 1238. 

“Grimbert and BailljJfcC. R. } 160 (1915)^^7. 
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chlorhyfirm^ Cfl 2 Cl . CH(OH) . CH 2 . OH, 1 and by tne oxidation 
of- sodium monoallylphosphate. 2 

OH., : CH — C PT 2 — 0 — PO (0 Na) 2 -> 

011.(011) — CII(OH)— CJL— 0--P0(0Na)., 

Bromo-lecithin is said to differ from lecithin in being absorbed 
f m the intestine as such, without being split up into glycero- 
phosphoric acid. It is prepared by saturating a chloroform 
solution of lecithin with bromine and drying in vacuo* Jodo- 
lecithin has also been prepared. 1 

Sulphur Compounds* — fn this section are included various 
^compounds containing sulphur. For the most part, they are 
^ot related to one another, but are brought together here for 
convenience. 

* lchthyol is one of tin? best known of these. It is a substance 
of unknown composition, containing sulphur, obtained by the 
destructive distillation of “ stink-stone M or “ oil-stone,” a de- 
posit of fossil fish found in the Tyrol and southern ’Bavaria. 
By tho action of sulphuric acid on the volatile basic oil thus 
produced, a sul phonic acid is formed, the salts of which are 
used medicinally^ The, ammonium salt of this ichthyol-sulphonic 
y.cid is a reddish-brown syrup, soluble in water, and is often 
known simply ifc “ lcMIujol” it is used both externally and 
internally foreskin diseases, and is also used internally in tuber- 
culosis and many other complaints, and as an intestinal anti- 
septjp. The lithium and sodium salts are also used, and the 
zinc salt # is used externally. 

The disagreeable smell and taste of ichthyol are said to be 
largely due to impurities, and it can be obtained in a purer ,> 
form by strain distillation in a vacuum. 1 ' • • 

Ichthalbin is an odourless and tasteless powder, obtained by 
precipitating an r Tollmen solution with a solution of ichthy^J- 
"sUlphonicVieid/' It is used in the treatment of eczema and of 
intestinal* catarrh. A compound of ichthyol-sulphonic acid and 
formaldehyde, 1 is known as Ichikoform. r It is a dark coloured 
powder insoluble in water, and with very littleitaste* or odour.* 

C King and«Pyman, loz. cit. 

* J i>. R. P., 151*110. 

« r> Ibid., 118,452. 

7 Ibid., 107 C 2£J. 


'• ! 0. Baillyc C. Ii., 16(1(1915), 1G3. 
4 Ibid., 155,820. * 

Ibid., 100,707, 124,144. 
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.t is used internally as an intestinal antiseptic, ^nft externally 
ls a dressing tor wounds (iodoform substitute). • • 

Triphenylstibine sulphide, (C rt lL ( ) 3 SbS, is used under the 
lame of Sulphofornt in skin diseases as it liberates nascent 
ml phur on the skin. ^ 

T C 3 H 0 — NH * 

Allyl-thiourea, J)CS, known as Thiosinamine., 

NH,/ 

l sftbstance of some importance as^a drug. It is formed by Hits 
lotion of ammonia on allyl-must:*rd oil, 

C 3 ll a - N : 0 : S +■ Nil, - (ILL, . NIX . CS . NH,,. 
md is a white crystalline substance moderately solublejn wafer. 
Lt is administered by hypodermic injection for the treatment of 
upus, and for softening scar-tissues. *Jts sparing solubility .in 
-vater is a drawback, and more concentrated solutions can be 
obtained by dissolving it with half a molecular proportion of 
iodium salicylate. 1 Tliis solution is known as b'ibrolysin , and 
t is claimed that the presence of the sodium salicyflite not only 
ncreases the solubility, but also renders the injoctftn less* 
gainful, lt has been extensively used in relaxing scar-tissue . t 
Hie additive compound of thiosinamine with ethyl iodijh, 
J 3 H 5 . Nil . CS . NH,, CJI.,1, is known as* ' TiodtuT , , and is 
’eadily soluble in water giving solutions said to be painless on 
njection. lodolysin is a similar soluble, non-irritant prepara- 
tion of thiosinamine. It is said to contain Id per cent, of 
diiosinamine, and 17 per cent, of iodine. 

Recently successful results have berm claimed <t>r a sulphur 
compound in the treatment of syphilis.- This is di-o-yjnino- 
phenyl disulphide, _ * 


NH, NIL 



Known as jntramine. ft is obtained by the oxidation of ortho- 
aminopheuyl mercaptan with ferric chloride, and is a pale 
yellow crystalline compound insoluble in water. It is admin- 
istered by intramuscular injection of a suspension in oliv<p c 

1 D. It. P., 103,804. -McDonagli, Taincer, j.yu 2ss. • 
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Acetaldehyde, 28, 51. 

Acetanilide, 67, 68. 

Acotomorphino, 110. 

Acotono, 59. 

— bohaviour of, in organism, 38. 
Acetone-chloroform (see Cliloretone), 
Acofcophonono (see ITypnono). 
Acetopyrino, 66, 157. 

Acetoximo, 26. 

Acotozone, 190. 

^-Acetylamiuo-phonol, 70, 73, 164. 
Acetylamino-phenol acetamide, 77. 
Acetylamino-phonyl benzoate, 77. 
Acetyl-atoxyl, 204-205. 
Acotyl-ethylamino-phenyl acotate, 77. 
Acetyl . -p - hydroxyphonylethylamino, 

Acetyl-salicylic acid, 157, 158. 

esters of, 163. 

Acid groups, offect of, 29. 

Acitrin, 224. 

Acriflavine, 173. 

Adalin, 129. 

Adrenaline, 34, 129-136, 141, 160. 

— inethylone and methyl ethors of, 
133-135. 

iso-Adrenaline, 134. 

Adronalono, 131, 147, 149-150. 

Agurin, 217. 

Airol, 173, 178, 183. 

Albargin, 194. 

Alcohol (see Ethyl Alcohol). 

Alcohols, primary, secondary, and 
tertiary, action of 
23, 55, 56. 

bohaviour of, in 
organism, 38. 

Aldehydo groups, effect of, 28. 
Alizarino-Bordoaux, 22^. 

Alkyl groups, effect of, 17, 19. 

N-Alkyl q^iinoljfio derivatives, 64. 
Allyl-thiourea, 208, 239. 
Allyl-tri-methyl - a mm cui i u m hy- 
droxide, 3£1* 9 

Aloe, 226. 

A loin, 227. 

Alum, 195. 


Aluminium compounds, 195. 
Alumnol, 195. 

^lypine, 99, 100. 

Amidopyrine (see Pyramidon), 66. 
Amino-acetic acid (see Glycino). 
Amino-accto-cateclio], 14!L 
Ainirio-acetopyrogallo], 150. 
Amino-acetoveratrone, 119, 120. 
Amines acids, 38, 39, 42, 138. 
w-Amino-bcnzoic acid, 30. 

P' Ami no-benzoic acid, derivatives of. 
1 102-103. 

y- Amino-butyric acid, 79. 
Amino-etbanolcatechol, 149. 
Ainino-ethyl-catecholf 149. 
Amino-ethyl-pyrogallol, 14g. 
Amino-hydroxy-bonzoie acid, este 

of, 100, 101. 

l-Amino-naph’Jhalene-4 arsinic aaic 
206. * 


8-Amino-naphtiiol (l)-3-6lli8ulphonic 
acid, 172. 

8-Amino-paraxanthine, 219. # 

p- Amino-phenol, 3b, 68, 70. 71-77. 
p-Amiuophonyl-arsdbious oxido, 201, 
209. * 

p-Aminophenylarsino, 209. 
6is-p-Aminopheuylarsfate acid, 206t 
p-Ainiuophonylarsinic acid (see also • 
Atoxyl and Arsanilic Acid)/&03. 
p-Aminophenylstibinic acid, zl5. 
8-Amino-theophyllin^ 219. 
Amino-tolyl-arsinic acids, 205, 206. 
6is-2-Amino4glyl-5-arainio acid, 205. 
j 5 ^imino- vafls»anic a$id#79. 

I Ammonium bases, effoci of, 5, 15 # • 
Amphotropin, 177. * 

Amygdophonine, 75. 

Amylamino, 147.# 
iso-Amylamirie, 137. 

Amyleno, action of, 19. 

— hydrate, 56. 
tertiary Amyl-urea, g56. 

Amcsthesino, 10^. 

Anchoring groups, theory ot, t>, 7fl0, 

11 ,#171. _ 

Anijue, 63, 67-6J? • 


- 4 1 
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Aniline, of, in organism, 

3f8, '68. 

Anisic acid, 20. 

— aldehyde, 139. 

0- Anisidine, 165. 

Anthragallol, 226. 

Anthranil arsinio acid, 206. 
Apthrapurpurin, 222, 227. 
Anthraquinone derivatives, 225-227. 
Antifebrin (soo Acetanilide). 
Antiluetin, 216. 

Antimony compounds, 214-216. 

— finely divided metallic, 216. 
Antipyrine, 20, 65, 66- 
Antithermin, 67. 

Aperitol, 228. 

Ap ’‘codeine, 111, 112. 
ip-A ocodouto, 111. 

Apomorphine, 107, 111. 

Arccaidine, 11. 

Arecolino, 11. 

Argentamin, 194. 

Argonin, 194. 

Aristol, 184. 

Ariatoquinine, 84. 

Arrhenal, 203. 

Arsacetin 200, 204, 208. 

Arsamin, 204. 

Arsanilic acid, 204, 205, 208 (see also 
Atoxyl). 

Ai 'enious oxide, 197. 

— — aromatic derivatives of, 201. 

1- I-Arsonoanthraijol, 213. 
Arsenobonzeno derivatives, 201, 202, 

209. 

Arscnobonzol (sc Salvarsan). 
Arsenophonol, 209. 
Arsenophenylglycino, 209. 
Arsenostibinc compounds, 215. 
Arsinic acids, 293, 208. 

Arsonium bases, 15, 17. 

Aryl-stiibinic acids, 215. 

Aseptol, 154. 

Asparagine, 34. 

Aspirin (see Acetyl-salicylic acid). 
Asterol, 193, 

Mophari, 223. 

Atoxyl, 197, 198, 199-201, 203-204, 

2 . 8 . 

AtLolactinic acid, 89. 

Atropine, 12, 34, 8b, 88, 89. 

Baglioni’s theory of narcosis, 49. 
Barbaloin, 226. , 

' Baritone («. Veronal), 57. 

Ba - t r s reaction, 208 ( , 215. 

Basic nitrogen groups, effect of, 26. 
m-Benzaminoserfti6arbazide, 67./ 


Benzanilide, 68. 

Benzene, behaviour of, in organism, 
39. 

— hydrocarbons, action of, 19. 
Benzidino dyes, 171, 172. 

Benzoic acid, bohaviour of in organ- 
ism, 42. 

Benzonaphthol, 163. 

Benzophonono, 59. 

Benzosalin, 163. 

Bonzosol, 167. 

Bcnzoyl-ocgonine, 92. 

esters of, 92, 93. 

Benzoyl-phenylethylamine, 139. 
Benzoylsalicylic acid, methyl ester of, 
163. 

Benzyl-morphine (see Peronine). 
Berberine, 116, 123*124. 

Betol, 163. 

Biogen, 190. 

Bismuth, 178. 

— emetine iodide, 128. 

Bleaching powder, 179. 

Boric acid, 190. 

Borneol, 233, 235, 236. 

— carbonate, 166. 

— esters of, 236. 

Bornyl chloride, 234. 

Bornyval, 236. 

Brilliant green, 172. 

Bromalbin, 189. 

Bromal hydrate, 46, 47, 55- 
Bromdietiiylacetyl-urea, 189. 
Brometone, 54. 

Bromides, alkaline, 188. 

Bromipin, 188. 

Bromoform, 51* 182. 

Bromoglidino, 189. 
a-Bromo-isovalerianic acid, 189. 

borneol ester, 189. 

Bromo-lecithin, 238. 
Bromo-phenacotin, 76. 

Bromural, 189. 

Brovalol, 189. 

Butyl-chloral, 54. 

hydrate, 46, 47. 

tortiary Butyl -urea, 56. 

Cacodyl, 202. 

Cacodyliacol, 167, 203. 

Cacodylic aciu, 202. 

Cadavorino, 147. 

Caffeine, 13, 217. 

— acetylamino derivatives of, 217. 
wo-Caffeine 1 , 219. 

Calomel, (see Mercurous chloride). 
Camphor, 174, 233-235* 

Canadine, 1 1 6. 



ItfDtiX 


243 


Carbamic acid, 26. 

“ Carbon,” 174.* 
®ta,rbon-tetrachloride, 24, 51. 

Car von e, 32. 

Cascara, 225. 

Catechol, 20, 130, 1G4. 

— carbonato, 1GG. 

Cephaelteo, 127, 128. 

Changes in the organism and their 
relation to the activity of a drug, 
12, 13. 

Chamico-therapy, 170, 174, 197. 
Chinosol, 175. 

Chloracetyl-catechol, 131. 

Chloral, 51. 

— behaviour of in organism, 37, 39, 

41. 

Chloralamide, 53. 

Chloramine antiseptics, 179-181. 
Chloramines, 179-181. 

Chloramine-T, 180. 

Chloral-ammonia, 53. 
Chloral-formamide, 53. 
Chloral-hydrate, 46, 47, 51, 52. 
Chloral-imide, 53. 

Chloral-urethane, 54. 

Chlorcosano, 181. 

Chloretone, 54. 

Chlorine compounds, 179-181. 
1-Chloro - 2 amino - phenyl - 5 arsinlc 
acid, 206. 

Chloroform, 24, 50, 172. 
8-Chloro-theophylline, 219. 

Choline, 32. 

Chrysophan, 225, 232. 

Chrysophanic acid, 225, 227. 
Cinchonine, 82, 83, 84. 

Cinnamic acid, 159. 

Citarin, 223. 

Citric acid derivatives, 177, 223. 
Cocaine, 2, 11, 35, 8G, 91, 92, 93, 94, 
136. 

a-Cocaine, 2, 35, 96* 

Codeine, 104, 105 109, 120. 

— methyl bromide, 110. 

Codethyline (see Ethylmorphine). 

Colloidal mercury, 192. 

— silver, 194. • 

chloride, 194. 

Coniine, 80. • 

Cordal (s^ Tribromsalol). 

Corydaline, llff, 126. 

Cosaprin, 69. 

Cotarnine, 116, 122, 130, 125, 126, 
127. 

Coto-bark, 230. 

Cotoin, 231. 


• 

o-Cou marie acid, 15®. 

Creolin, 152. 

Croosoform, 169. 

Croosol, # lG4, 165. 

— carbonate, 1G6. 
Creosote-carbonate, 166. 

^Creosote-phosphite, 167. 
o-, m- and p-Cresols, 152, 158, 159. 
\jroBotinic acid, 153, 1G7. • 

Crosylie acid, 153. 

Croton-oil, 212. 

Crum Brown and Fraser, law of, 5, 
«80, 148. 

Gryogonin, 67. 

Cryptopiue, 128. 

Cupreine, 82, 84. 

Curare, 148. 

Cyanacetic acid, 28. 

Cyanogen chloride, 28. 

— radicle, effect of, 28. 

Cyclic tireides, 57. 

Cycloform, 102. 

Cystamine, 176. 

Cystazol, 177. 

Cystogen, 176. 

Cystopurin, 177. 


Dakin’s solution, 179. 

Dermatol, 178. 

Dextroforin, 17,6. 

Diacetin, 46, 4r. 

Diaeetouamine, 97. 

Diacetyl -morplftne, 109, 110. 
Diacetyl-phenetidine, 74. 
p-Diamino-arsenol}puzene, 209. • 
p-Diamino - dihydroxyarsenobenzene, 
209. • 


3-3-D iamin o-4-4'-dihydrox /stibino- 
benzene, 215. _ 

Di-o-aminophenyl dis^iphide, 239. * 
sym- Diamyl- urea, 56. 

Diaspirin, 157. 

Dichloramiue-T, 180, 181. 
Diethylamine, 102, 1*3. 
Diethylaminoethyl alcoliol, uatcia ui, 
102, 103^** 4 

r^ethyl-brffbffuric acid ffcee Veronal). 
Diethyl-ketone, 59. • « • 

Dicthyl-inalonyhirea (fio Veron^). 
Diethyl-sulphone-methaue 46. 
Digitaliu, 232. • 

Digitalis, 232. 

Digitoxin, 232. 

Dihydro-papaverine, 118. 

2-4- D i h y d r o x y-c^-amino-acet^. 

nono, 149. • • * 

Dihydroxy-d iamin o-arsenoben^ne, 
^ 210-214. 

16 * . 
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2- 4-Dihydxftxypb3nylarsinicacid, 213. 

3- 4-Dihydroxypheuylethylamine, 138, 
139, 140, 141, 142, 149, 150. 

3 - 4 - Dihydroxyphonvlothy f l mothyl - 
amine, 141, 142, 149, 150. 
Dihydroxypiporaziuo, 222. 

4- 5-Dimethoxy-2j8*methylaminoethylY 
bonzaldohyde, 126. 

6- c i'-Dimethoxy-2-methyl-3-4-dihydro- 
isofjumoliniuin chloride, 126 (see 
Lodal). 

6 - 7 - Dimethoxyisoquinolino - 1 - car- 
boxylic acid, 127. * 

4-Dimethyl-amiuo-antipyrino (s e^ 
Pyramidou). 

1 - 4 - U : methyl - 2 - amino -plieuyl - 5- 
^.rsinic acid, 206. * 

p - 1 jmcth^amino-phenyl arsinic acid, 
2l7. 

Dimethyl-piperazine, 222. 

Diwiethy] - sulphone - dielhylrftethane 
(“ reversed ” sulphonal), 60. 
Dimethyl - sulphone - dimethyl -ineth- 
ane, 46. 

Dimethyl - sulphone - ethyl - methane, 
60. , 

Dimethyl - sulphone - methyl - ethyl - 
u methafre, 60. 

Diouino 110 (seo also Kthyl-mor- 
phine). 

Diphenyl, 19. 

— Vartratcy, 220. 

Diplosal, 157. ? 

Dipropyl-nialonyl urea, 57. 

Disafol, 163. , 

Dispormin, 222.^ 

Distribution coetlicient, 46. 

Diuretfn, 217. 

Dorrnigene, 

Dormiol, 53. V 
Dulcin, 21. 

Duotal^lG5-167. 

Ryestuffs, 7, 170-174. 

Ecgonink, 88, 91, 92. 

— methyl eaten 92, 93 

a-Ecgonine, (/ 5. 1 * 

Ehflieh’s thVory of the action of 

dftigs, 6, 7? -i70, 171-174. 

Etyogen, 190. 

Emetine, 127, 128.* 

— bismuth iodide, 128. 

Emodin, 225. 

E f .: earine, 154. j 

Epinephrine, 1&), 13G (see also 

^fli'enaline). '* 

Epinine (see 3-4 Dihydroxyphenyl- 
ethylinethylantticj). 


I Epiosine, 116. J 
Ergamine, 139. 

! Ergot, 129, 137- 
Ergotoxine, 138. 

Ericin, 162. 

Erythrol-tetra nitrate, 25. 

Ether (see Ethyl ether). 
p-Elhoxyphonyl urethane, 70. 
Ethyl alcohol, 23. 
Ethylamino-acetocatechol, 149. 
Ethylamino-othylcatechol, 149. 
Ethyl antimonyl tartrate, 216. , 

— bromide, 50, 51. 

— chloride, 50, 51- 

E thy leue-ch lor hydrin, 102, 103. 
Ethylene-dibroinide, 51. 
Ethylene-diethyl sulphone, 60. 
Ethyl ether, 51, 55. 

Ethylideno dioth)d sulphone, 60. 

— dimethyl sulphone, 60. 
Ethyhnorphine, 109, 110. 
N-Ethyl-pheuacetin, 73. 
(di)-Ethyl pinaconc, 59. 

a Ethyl piperidine, 80. 

Ethyl -propyl-malonyl urea, 57. 
Ethyl salicylate, 162. 

— urethane, 4G, 47, 58- 
Euhornyl, 189. 
a-Eucaine, 96, 97, 134. 

/8-Eucaine, 97, 98, 134. 

— lactate, 97. 

Eucodoine, 110. 

Eucol, 167. 

Eugeuol, 162. 
iso-Eugonol, 167. 

Eugenol carbonate, 166. 

— methyl ether, 141 . 

Euphorin, 69, 75. 

Eu pyrin, 7G. 

Euquinine, 84. 

Euresol, 153. 

Europhen, 184. 

Eusol, 1 7D. 

Exalgin, 69. 

Exodin, 227. 

Fimhipyrin, 195. 

Fihrolysin, 239. 

Flavine derivatives, 173-174. 
Flavopurpurin, 226. 
Formaldehydt, 15, 175, 176, 177. 
Formamini, 176. t 

Formanilide, 68. ’ 

Formurol, 177. 

FortoYn, 23)1 
Fowler’s solution, 197. 

Frangulin, 226, 232. 

Fumarie acifl, 33, 34. 
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GallacetopheiJone, 41. 

acid, 177. 

Galyl, 212. 

Gcntisinic acid, 40. 

Glucosidcs, 1, 232* 

Glutol, 175. 

Glycero^ 21, 1G2. 

— esters of, with salicylic acid, etc., 

1G2. 

Glyceropliosphoric acid, 230 237. 
Glyceryl ether, 22. 

Glycine, 42, 43. 

Glycosal, 1G2. 

Glycuronic acid derivatives, 40, 41, 
42. 

Grey oil, 191. 

Gri serin, 180. 

Guaiacctin, 1G9. 

Guaiacol, 20, 155, 164 165- 

— cacodylate, 167, 203. 

— carbonate, JG5. 

— carboxylic acid, 1G9. 

— esters of, 107. 

— phosphite, 107. 

Guaiamar, 104. 

Guaiaperol, 1G8. 

Guaiathol, 105. 

Guanidine, 20. 

Gynoval, 230. 

“ II ’’-acid, 172. 

Haematogen, 190. 

Ilsemoglobin, 195. 

Haemol, 195. 

Halazone, 181. 

Halogen in organic compounds, effect 
of, 23. 

Hectine, 208. 

Hedonal, 58. 

Helmitol, 177, 223. 

Hcinisine, 130 (see also Adrenaline). 
Hermophenyl, 193. 

Heroin, 110 (set; also Diacetyl-mor- 
phine). 

Hetocresol, 159, 
etc], 459, 203, 217. 
examocoll, 109, 170. 
Hexamethylenetetramine, 176-177, 
222-223. 

Hexamine, 170, 177. • 
Hexamin^arsenobeuzeno, 213. 
Hexylamine, 1#7. 

Hippuric acid, 42, 220. 

Histamine, 139. f 

Histidine, 13* 

Holocaino, 98. 

Homatropine, 90. 

Homogentisinic acid, 40. 


Homoprotocaiecnuic acid, 1X0. ■ 
Hoinoveratraldehyde, 141. 
Hoinoviyatric acid, 120. 
Homoveratroyl chloride, 119-120 
Hordenine, 144 , 148. 

^ — methiodide, 141, 148, 150. 
ITydracctin, 67. 

•Hydrargol, 192. 
j Hydrargotin, 193. 

Hydrargyrol, 193. 

Hydrastine, 110, 123 , 120. 
Hydrastininc, 120, 127. 

Hydrazine, 8, 20. 
flydrazoic acid, 20. 

Hydrocarbons, action of, 17. # 
Hydrocyanic acid, 15. 

Hydrogen peroxide, 190. 

ITydropyrin, 157. 

1 fydroquinone, 39, 102. 
p-Hydft>xy - a? - amino - acetophencaie, 
143, 144. 

m- and p-IIydroxybenzoic acids, 150. 
o-IIydroxybenzoic acid (see Salicylic 
acid). 

m - Hydroxy- bei 1 zoy 1 - trope i n e, 89. 

P- Hydroxy - u> - eh loro 1 - acetophenono, 

J 44. • 

Hydroxylamine, 20. 

Hydroxyl grouns, effect of, 21-23. 
p-Hydroxy-phefiylacetonitrile, 13i^ 
p- Hyd roxy-p 1 1 on y 1 - ar sen i on s o j»d e , 
201 . • 

^-Hydroxy-phony 1-arsinic acid, 202, 
200, 207, 209, 21J). • 

2 > • Hy d roxy-p hen y le Gian o 1 am i n e , 143. 
e-Hydroxyphenyletnylainine, 149. 
p-Hydroxyphenylcthylaminoy 1 29, 
136, 137, 138,' 139, 14 $. 
l } - H y d r o xyphonyleiliyletliylamine. 

146. m 

p - Hydroxypheuylethylmetludamine, 
144-145. * 

Hydroxy plieuyl-ur#Uiane, 75. 
a-IIydroxy-£-2-pyridyl-propionyl-tro- 
peine, 81H 4* # 

Ifyoscyaj^Kie* 34, 86 (fcie also Atro- 
pine). • • • 

Hypnal, 54. •• 

Hypnone (acetophenone), 29, 5y- g 
— bohaviour of organism, 41. 
Hypodermic purgativo (see Apoco- • 
deine). 

Iciitiialbin, 238. 

Ichthoform, 238# 

Ichthyol, 238. 

£-J^Amzolyl-eth||lviine, 138. 

Iucfcphenol reactionf72. 
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Incbxyl, formation of in organism, 39. 
Intrammo, 239. 

Iodalbin, 187. 

Iodides, alkaline), 180. 

1 lodipiu, 187. 

Iodival, 187. 
p-lodo-aniline, 204. 

Iodoform, 181, 182-181, 130. 
Iodoformal, 182. 

Tod of or min, 182. 
lodoglidiue, 187. 
p-Todo-guaiaoal, 187. 

Iodol, 183. 

Iodo-lecithiu, 238. 
lodolysin, 239. 

Io&ophonol, 184. ( 

Iodtfdhyrittt, 137. 
p-IoJ7ixy-anisole, 185. 

Ionization, elleet of, 10, 17. 

I row, derivatives of, 195 196. * 

Isoform, 185. 

Isomerism, effect of, 33. 

Isoinorphous groups, behaviour of, 10. 

Jalap, 228. ^ 

J' AifiiNi'J ^hydroxy - N - ethyl - tetra - 
r hydro-quinoline) , 04. 

TCairoJine A (N - othvl - tetrahydro- 
0 quinoline, 64. 

— b (N- mdliyl - tetrahydro - quino- 
line), 64. 

Kalmopyrin, 157. 

Ketonds, eifect of, ^9, 59. 

Kharsivau (see Sq’varsan). 

LactopAmnin, 74. 
Lactyl-amino^onol, 1 64. 
Lactyl-aminoph. nyl-etliyl-carbonate, 

' 77. 

“ Ladenbnrg’s Tlulo,” 89. 

LtVm bkin ’9 cream , 191. 

Laudanine, 105.* 

Laudanosine, 104, 105, 121, 120, 127. 
Laxin, 228. * 

Lecithin, 2HG-&47. A 

Tj&udne, 137. i/ '- 
Limit'll values*, ’Uo. 

Lithium salts, 220. 

Lodal, 127, 141. ' 

Loew’s theory of poisons, 8. 

Loretiu, 186. 

Los^phan, 185. 
jViarg&, 213. 1 

Lut^nfe, 33. 

Lysetol, 222. 

Lysidin, 222. u* «» 

Ivysol, 152, 153. 


M aq n esium -perhy droi , 190. 

Malachite green, 172. 

Mttlakin, 76. 

Malarin, 76. 

Maloic acid, 33, 34. 

(Malic acid, antimony derivatives of, 
216. 

'Mandelic acid, 89. 

Mandelonitrile glucoside, 233. 

Mare tin, 67. 

Martius yellnw, 29. 

Moconine, 122. 

Mediual, 57. 

Menthol, 166, 167, 233, 23G. 

— carbonate, 166. 

— salicylate, 163. 

Menthono, 32. 

Mercuric oh lor do, 17, 191. 

— cyanide, 17. 

Mercurous chloride, 17. 

Mercury, colloidal, 192. 

— derivatives of, 191-193. 

— organic derivatives of, 192-193. 

— - tannato, 193. 

Mesotan, 162. 

Mcfaldchydc, 28. 

Me: hue, ‘iii, 70, 73. 

Melhano, 18, 50. 

p-Methoxyplionylethylamine, 139, 
115. 

p - Methoxyphenyl - trimetliylammo - 
nium iodide, 145. 
Methoxy-quinoline, 63. 

M e t h oxy- to tral ly d roq ui ri o 1 i n e , 63 . 
Methylacetauilide (see Exalgin). 

/3 - Me thy 1 - ad renal i no, 135. 
Mothylaminoacctocatechol (see Ad- 
renalonc). 

Methylaminn-el.hyl-catechol, 149 (see 
alsu 3 - 4 - Dihydroxyphenyl ethyl- 
in e thy land no). 

a-Mothybauthraquinone, 225. 
N-Methyl-cephaeline, 128. 
Mctliyl-elilorido, 24, 50. 
Methyl-chloroform, 51. 
N’-M’ethvl-emotine, 128. 

Methylene blue, 171, 173. 
Methvlene-oiT.rio acid, 177. 
Methylenecitrylsalicylic acid, 157 
Methylene-diculoride, 24, 50- 
Methylene-diothyl-sulphoue 60. 
Methylene-dimethyl-suiphone, 60. 
Methylene-hippuric acid, 200. 

Methyl ethyl ither, 51. , 

Methyl-ethyl pinacone, 59. 
Methyl-isoeugonol, 134. 
2-Methyl-phej’O-morpholine, 115. 
Methyl-phony] -pyrazolone, 20. 
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Methyl-pinacone* 59. 
J^Methyl-pyrralidine, 83. 
Methylrhodin, 163. 

Methyl salicylate, 162. 

— - — • behaviour of in organism, 41 

(see also Oil of wintcrgroen). 
N- Methyl triacetonc-alkamine, 90, 
96. 

Mothyl-uretliane, 46, 47. 

N- Methyl- vinyl-di acetone - alkamine, 
9Q, 91. 

Moyer’s theory of narcosis, 45-46. 
Microcidin, 154. 

Mitsoherlich’s law, 16. 

Molecular weight, effect of, 33. 
Monacetin, 46, 47. 

3-Monomethyl-xanthino, 13, 14, 219. 
7-Monomoth y 1-xanthine, 219. 

Moore and Iloaf’s theory of narcosis, 
48-49. 

Morphigoniue, 116. 

Morphine, 104,105-109, 110-112, 115, 
121 . 

— acyl derivatives of, 109, 110. 
Morphine-sulphuric acid, 6, 10, 29. 
Morpholine, 112-115. 

Naoa rod, 172. 

Naphthalene, 19, 170. 
a-Naplithol, 151. 

/3-Naphthol, 154. 

Naphthol-carboxylic acids, 157, 158. 
jS-Naphthol salicylate, 163. 
Naphtholsalol, 163. 

Naphthol yellow S, 29. 
/3-Naphthylamine, 78. 

P - Naphthylaminc- 3 - 6 - disulphouic 
acid, 172. 

Narcoine, 104, 124 - 125 - 
Narcosis, theories of, 44-49. 
Narcotine, 104, 105, 116, 117, 121, 
122 123 , 127. 

— methochloriue of, 125. 

Nargol, 195. 

Neo-kharsivan (see Neo-salvarsan). 
4feo-saltrarsan, 211-212. 

Neurine, 32. 

Neurodiu, 75. 

New bornyval, 236. 

New-oaeodyl, 203. { 

New-ortb^forin, 101. 

New-urotropirlf 177. 

Nicotino, 34, 80, 83 , 148. 

Nirvanine, . . • ... 

Nitriles and isonitriles, effect of, 28. 
Nitrites, physiological action of, 25. 
Nitro and jiitroso groups, effect of, 
24-25. 


m \ 

Nltro-benzaldehydos, behaviour of *iu 
organism, 39. 

p-Nitrobjpizoic acid, 25, 29. 
Nitro-glyceriu, 25. 
p-Nilrohippuric acid, 25. 
^Sfitro-plienaeetol, 115. 
o-Nitrophonol, 165. 

Nitro phenol, 70. 
o-Nitrophenylpropiolic acid, 39. 
Nitrosn-piperazinc, 221. 
p-Nitrotoluene, 25. 

Ni*rin (see Zinc sulphanilate). 
Igosoplien, i85. 

Novarsenobeuzol (see Neo-salvarsan). 
Novaspirin, 157. 

Novalopfian, 224. 

Novocaine, 102, 103. 

Orb of wintcrgroen, 162, 166. 

Orexin? 229-230. 

Orsudan, 205. 

Orthin, 67. 

Orthoform, 100. 

Osmotic permeability, 48. 

Overton’s theory of narcosis, 45-47. 
Oxalic acid, 4 , 33. 

Oxynarcotine, 104. 

PAiONOL, 41. 

Papaverine, 1(JI, 105, no, iiY-jifU, 
121 . , f 

— methoohlorfde of, 121. 
Paraldehyde, 28. 

Paraxanthiuo, 1 3,^.4, 217 - 218 - • 

— 8 -amino-, 219. - 
Parvoline, 33. 

Per.tahrom-phenol, 154. 
Pentaohlor-phenol, 154^ 
Pontamethylene-dian<Jne, 79 
Perhorax, 190. 

Perhydrol, 190. 

Peristal tin, 228. 

Peronino, 110. 

“ Pharmacophore,” 7. 

Phenacetim m, 70 , 7J , 72, 73. 
Pftenant^rerfc, 104, 100^115. 
p-Plieuelidine, 70, 7 1 , 

— derivatives of, 74- 
Phenocoll, 76. 

Phenol, 21, 152 , *92. 

— behaviour of in organism, 40. 

— formation from benzene in organ 

ism, 39. 

Phenolphthalcin, 1*5, 228. 
Phonyl-alanine,#18, 137. 
p- Phony leno-diamiue, 9. 
PH^i^lethanolantiq^. 143, 1*.. 
Pli^nylethyl alcohol 145. 
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Ph#nylethylamine, 137, 147. 
Phenyl-ethyl ketone, 59. 

Phony lglyciue-arsinic acid, 201, 202, 

. 207 . 

* Plieuylhydraziue, 8. 
2-Phenylquiuoline 4-carboxylic acid, 
223-224. 

Plfeuyl sulphuric acid, 29, 40, 154. 1 

Phenyl-urethane (seo Europhen). 
Phcsin, 74. 

Phloroglucinol, 153-154. 

' Phosgene, 105. * 

Phosphatol, 167. „ 

Phosplionium bases, 15, 17. 
Phosphorus, action of yellow and red, 

Phl^ialic a$ : d, behaviour of in organ- j 
isfy, 38. 

1 Phthalimide, behaviour of in organ- 
ism, 38. * 

Picoline, 33. 

Picric acid, behaviour of in organism, 
39. 

Picropodophyllin, 228-229. 
Pilocarpine, 33, 81 - 
iso- Pilocarpine/ 33, 81 - 
. ^Pinaconeifr, 59. 

Pd none, 234, 235. 

% Pinene hydrochloride,” 234. 
Fij|ecoline, 80. r 

Pipf .azine,,220, 221, 222. 

— quinate, 222. ' 

Piperidine, 78, 79, 223. 

tairtrate, 223. 

Piperidone, 79. / 

Piperonal, 132, 133. 

Podophjillin, 228. 

Podophylliniciacid, 228-229. 
Pddophyllotox^,, 228. 

* Potassium ferrocyanide, 1G. 

— sulpnpcyanide, 28. 

Proflavine, 173. 

Propion (see Dia hyl ketone). 
Propylamino-acetocatechol, 149. 
Propylamino-ethylcatecitol, 140. 

Protargol, 194'. 1 \ * 

rVotocatechuij, aldehyde, 132. 

— a<$jd, 130. c 1 ' 

— — behaviour of in organism, 41. 

Proibpine, 128. * 

#iProtosil, 194. 

Prulaurasin, 233. 

Put^atin, 227. 
ififirgal ves, 225-2 $9. 
rur^aUl, 227. t 
Purgen, 228. 

Purpurin, 226. # « 

P^rpuroxanthin, / 220. 


Pyramidon, 6 
Pyrantin, 74. 

Pyrazole, 64-G5. 

Pyridine, 33, 78, 100. 

— behaviour of iu organism, 43. 
-Pyrogallol, 153. 

Pyrrol, 19, 100, 183. 

' Pyrrolidine, 83. 
a- Pyrrolidine, 79. 

Quinaform, 85. 

Quinaphenin, 84, 85. 

Quinaphthol, 85. 

Quinazoline derivatives, 229-230. 
Quinic acid, 219-220. 

Quinine, and its derivatives, 81-85. 
Quinoline derivatives, 175, 223-224. 
Quinonc, 39. 

Quinotropin, 223. 

Reactivity, connection betweon 
toxicity and, 8. 

Kosacetophenonc, 4 1 . 

Resorcinol, 20, 153, 

— diacetate, 153. 

“ Reversed ” sulphonal, 60. 
Rhamnose, 226. 

Rheum (rhubarb), 225. 

Saccharin, 9, 35, 180. 

Safrole, 31. 
iso-Safrole, 32. 

Salacetol, 163. 

Salicin, 159, 232. 

Salicyl-aeetie acid, 157. 

Salicy 1-amide, 164. 

Salicyl-anilide, 68. 

Salicyl-arsinic acid, 206. 

Salicylic acid, 153, 155, 156 , 220. 

— behaviour of in organism, 40. 
Salicylide, 50. 

Salicy losaliey lie acid, 157. 

Salicyl plienotidine, Id. 
Salicyl-tropeiuc, 89. 

Saliformin, 223. 

I Saligomn, 159 , 220. 
j SalimenVhol, 163. 

Salit, 163. ' 

I Salocoll, 77. 

Salol, 156, 160 * 162 - 
Salophen, 164. 

Salvarsan, 202, 210 , 21d. 
Sambunigrm, 233. 

Scarlot rod, Itf'd. 

Schmiedeberg’s rulos on the action of 
aliphatic compounds, 17. 

Senna, 225. 

Serum therapy, 170-171. 
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siaonai, 

Silver compounds, 19a-j.u±. 

Ifcamin, 204. 

Sodium ferrocyanide, 28. 

— hypochlorite, 179. 

— nitroprusside, 28. 

— phenate, 15G. 

— phenol carbonate, 157. 

— platinicyanide, 28. 
Sodium-salvarsan, 213. 
Sodiump-toluenesulplionchloramide, 

m 

Soluble aspirin, 157. 

Solurol, 223. 

Solved, 153, 1G9. 

Somnal, 54. 

Somnofomi, 50. 

Spatial configuration, cffoet of, 15. 
Spirosal, 103. 

Stcreo-isomorklos, action of, 3, 31. 
Stibinic acids, 215. 

Stovaine, 99 
Strophanthidin, 232. 

Strfiphanthin, 232. 

Strophanthus, 232. 

Strychnine, 12, 81- 
Stypticinc, 120. 

Styptol, 120. 

Subcutin, 102. 

Succinylsalicylic acid, 157. 
Sulphoform, 239. 

Sulphonal, 40, 47, 59, 00, 01- 
jt)-Sulphondichloramino-ben/.oic acid, 
181. 

Sulphones, 59-G2. 

Sulphonic esters, formation of by 
organism, 40. 

Sulphonium bases, 15, 17. 

Sulphur compounds, 238, 239. 
Suprarenine, 129, 130 (see also Ad- 
renaline). 

Sympathomimetic action, 129, 140. 

Tannic acid, lffi, 178, 220. 

Tannigon, 177. 

Tannoform, 177. 

Tartar ^me tic, 197, 210. 

Torpenes, 233-235. 

Totrabromcresol, 155. w 
Tetrachlorphenol, 154. 
Tetra-ethylammoniun*iodide, 147. 
Tetrahydro-naphthaleue-morpholine, 
113, 114. • 

ac-Tetrahydro-0-naphthylamine, 27, 
78, 147. 

Tetra-iodo-phonolphthaloin, 185. 
Tetra-iodo pyrrol, 183. 

Tetronal, 40, 17, 61- 


Thalline, 04. 

Thebaine, 103, 108-109. 13 
Theobromine, 13, 217. 

Theocine, 218. 

Theophylline, 13, 14, 217, 218, 219. 

— 8-amino-, 219. 

— 8- eh loro-, 219. 

*Fhermodin, 75. 

<Thiocoll, 109. 

Tliiogiycollie acid, antimony deriva- 
tives of, 210. 

Thiosinamino, 239. 

Tl^ymatol, 153, 103. 

Thymegol, 193. 

Thy min, 223. 

Thyminic acid, 223. 

Thymol # 153, 159, 1GG. 

— carbonate, 1G3. 

Thvmol-p-sulphonic acid, mercury 
salt of, 192. 

Tiodint, 239. 
r rolamine, 180. 

I Toluene, behaviour of in organism, 
j 39. 

j p-Toluenesulphonchloramido, 180. 
p-Toluenesulphondicliloramide, 181. 
p-Tolueuesulphonyl dfilo^wle 180 
Tolu id i tie, 08. 

— arsenate, 205. 
w-Tolylsomicarbazido, 07. 

Toxynono, 193.* 

Traubo’s theory of narcosis, 48. 
Triaeetin, 22, 4f>, 47. * 

Triacetonamino, 90, 90. 
Triacetonc-alkamino-carboxyli»ftcid, 
97. * 

Triacetyl-aloin, 227? 

T rib romal oi n , 227 . 

Tribromphenol, 154. 

Tribromsalol, 55. 

Trichloracetic acid, . 

Trichlorphonol, 154. 

Trigem in, 54. 

Tri-iodo-meta-cresoljilSi, 185. 

Trimetbylamine, 100, 147. 
TnniethylajyTuo-aoeiocateehol chlor- 
ide, ltjjjjr* ^ % 

Trimotlfylamino-othyltmtcchol c\jloi—^ 
ide, 149. 

Trional, 40, 47, 00, 61, 62- 
Trioxymethylendf 175. 

Triplieniu, 74. 

Tripheiiylmothane dyes, 171, 172 
Triphcuyl phosphate, 101. 
Triphonylstibino sttfphide, 2~~ 
Tropacocaine, 8§ f 94, 95. 

•Propeinea, 80, 88, 89, 94. 

m: QT7_ 
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Tropine, on, hv. # 

^-^ropine/88, 94, 96. 

Tropinone, 88, 94, 95. 

Truxilline, 93. 

Trypaflavino, 173-174. 

Trypan blue, 172. 

— red, 171, 172. 

Trypsin, action of on drugs, 37. 
'ltyJmarin, ICO. 

Tylnatrin, 157. 

Tyramine, 140 (see also jD-Hydroxy- 
phenylethylamine). 

Tyrosine, 12, 30, 137. » 

— behaviour of in organism, 38. 

— ethyl ester, 148. 

^saturation, effect of, 31^32. 

Uf^c acid *219-220. 

Urcf, 222. 

U rosin, 220. 

U$otropin, 176 , 219, 222 , 223.' 

Ur sal, 220. 

Uvi tonic acid, 174-175. 


Valerianic a^ids, 24, 186, 236. 

— acid derivatives, '236. 

Valero bromine, 188. 

Validol, 236. 

Vanillic acid, behaviour of in organ- 
ism, 41, 42 * 
f Vanillin, 118. 

' — behaviour of in organisnf; 42. 
Vcratraldohyde, 119, 126, 133. 
Veratric acid, 41, 130. 

Veratrole, 20, 168. 

Veronal, 56, 57 - 
Veronal-sodium, 67. 

Vesipyrin, 163. 

Vinyl-diacotonamine, 97, 98. 
Vinyl-diacetone-alkainine, 90, 97, 98. 
Vioform, 186. 

Xanthine, 13. 

— derivatives, 13, 217 - 219 - 

Zinc perbydrol, 190. 

— sulpliauilate, 195. 
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